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Juvenile delta smelt, Hypomesus transpacificus, densities were significantly
greater in shallow water in Honker Bay and Sherman Lake than in adjacent channels in
1993, dindicating that they used shallow areas in bay and flooded island environments
as nursery habitats. Densities and lengths were significantly greater on high than
low tides in shallow water in Honker Bay, but not in the adjacent channel,
suggesting that delta smelt moved tidally between Honker and Grizzly bays. Delta
smelt densities did not differ between shallow water and channels in the riverine
environments of Montezuma Slough, the Tower San Joaquin River, and Cache Slough,
presumably because shallow areas were smaller and no embayments existed to retain
delta smelt. Delta smelt may be larger in shallow water in Honker Bay and Sherman
Lake because 1) fish in shallow water were older and consequently larger or 2)
residence time was Tonger and foraging success was better, resulting in increased
growth rates. Availability of shallow habitats to delta smelt increases in
high-outflow years when hydrodynamic transport Tocates the delta smelt population
downstream in Suisun, Grizzly, and Honker bays.

Aasen, G. A., D. A. Sweetnam, et al. (1998). "Establishment of the wakasagi,
Hypomesus nipponensis, in the Sacramento-San Joaquin Estuary." cCalifornia Fish and
Game 84(1): 31-35.

Recent evidence indicates that the exotic wakasagi, Hypomesus nipponensis,
is now resident in the Sacramento-San Joaquin Estuary, making it sympatric with the
state and federally Tisted threatened delta smelt, Hypomesus transpacificus.
Interactions between these similar species may affect delta smelt recovery.

Abbott, R. R. and R. Obernolte (2010). Habitat restoration in the San Francisco
Estuary to increase salmonid smolt foraging opportunities. 6th Biennial Bay-Delta
Science Conference. Workshop presentation at the Sacramento Convention Center,
Sacramento, California.

Salmonid smolts migrating through the San Francisco Estuary have Tlimited
foraging opportunities as indicated by a reduction in their Condition Factor (CF),
reduced body Tipid content and where nearly half have empty stomachs as they leave
the Golden Gate. Extensive mud flats provide Timited foraging opportunities for
salmonid smolts. The loss of habitat complexity and vertical structures in the
Estuary has reduced the potential for a robust community of organisms that could
provide more salmonid smolt foraging opportunities. Two large artificial reefs have
been constructed in central San Francisco Bay specifically to provide foraging
habitat for migratory salmonid smolts. Data collected on the community of organisms
found in the reef systems compared to control areas and acoustic fish tracking
demonstrate the increase in foraging opportunities and the extended utilization of
the reefs by Tlate fall-run Chinook, steelhead and green sturgeon. A conceptual model
of the reef system function in the San Francisco Estuary provides a tool for
management consideration of methods to increase salmonid survival through the
Estuary and improve physiological readiness for ocean phase survival.

Abib-Samii, J. (2010). 2010 Spring Kodiak Trawl Survey. IEP Newsletter. 33: 5.

Abu-Saba, K. E. and A. R. Flegal (1995). "Chromium in San Francisco Bay:
Superposition of geochemical processes causes complex spatial distributions of redox
species." Marine Chemistry 49(2-3): 189-199.

Processes controlling the geochemical cycle of Cr in San Francisco Bay were
characterized with analyses of water samples taken from 25 stations distributed
throughout the estuary. Mixing of water masses, localized inputs, in-situ reduction,
and sediment resuspension contributed to complex spatial distributions of dissolved
(< 0.45 mu m) Ccr(III) and cr(vi), as well as suspended particulate Cr. Total
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dissolved Cr concentrations in the bay ranged from 1.9 to 8.3 nM, with the maximum
concentration observed at the head of the estuary (the Delta) that was attributed to
a relatively Tlarge input (5.2 nM) of Cr(III) within the San Joaquin River. The
calculated Cr(III) scavenging residence time in that region was relatively long (> 3
days) for a particle reactive trace metal, suggesting either Tlocalized 1inputs or
complexation by colloidal/organic matter. There was also a relative excess (2.6 nM)
of Cr(vI) in another section of the Delta. Mass balance calculations showed that
excess was the same order of magnitude as reported point source loadings of Cr 1in
that area. The subsequent depletion of Cr(vi), along with a concurrent increase 1in
Cr(III) concentration in a shallow region of the Delta, was tentatively attributed
to in-situ reduction.

Ackerman, J. T. and C. Eagles-Smith (2010). Mercury bioaccumulation and toxicity to
birds in San Francisco Bay Estuary. 6th Biennial Bay-Delta Science Conference.
workshop presentation at the Sacramento Convention Center, Sacramento, California.
Mercury contamination in waterbirds is a significant concern in the San
Francisco Bay-Delta because the Estuary has a legacy of mercury contamination from
mercury and gold mining and waterbirds rely heavily on wetland habitats that are
known to produce methyl mercury, the most toxic and bioavailable form of mercury. we
examined mercury bioaccumulation and effects on avian reproductive success in
waterbirds that breed within the Estuary and found impaired reproduction in several
species and lifestages. Upon arrival within the Estuary, birds rapidly accumulated
mercury prior to and during the breeding season. wWe found sublethal effects of
mercury on adult birds, including demethylation of mercury in bird Tivers.
Methylmercury in adults was then transferred proportionately to offspring,
potentially impairing reproduction. In fish-eating Forster’s Terns, we found that:
1) failed-to-hatch eggs and abandoned eggs had higher mercury concentrations than
randomly sampled eggs, 2) the prevalence of embryo malpositions increased with egg
mercury concentrations, 3) hatching success of eggs decreased with mercury
concentrations, and 4) nest survival decreased with mercury concentrations. In
invertebrate-eating Black-necked stilts, we found that dead chicks had higher
mercury concentrations than Tive, randomly sampled chicks of similar age.
Altogether, these results suggest that mercury contamination may currently be
impairing bird reproduction and, perhaps, population growth within the Estuary. In
order to ensure that restoration efforts of the South Bay Salt Pond Restoration
Project are successful, it will be valuable to establish a long-term, annual
monitoring program for waterbird mercury concentrations and reproductive success.

Ackerman, J. T., C. A. Eagles-Smith, et al. (2008). "Mercury Concentrations in Blood
and Feathers of Prebreeding Forster's Terns in Relation to Space Use of San
Francisco Bay, California, USA, Habitats." Environmental Toxicology and Chemistry
27(4): 897-908.

we examined mercury concentrations and space use of prebreeding Forster's
terns (Sterna forsteri) in San Francisco Bay, California, USA, to assess factors
influencing mercury levels in piscivorous birds. In 2005 and 2006, we collected
blood and %eathers from 122 Forster's terns and radio-marked and tracked 72 terns to
determine Tlocations of dietary mercury uptake. Capture site and capture date were
the most important factors explaining variation in blood mercury concentrations
(geometric mean +/- standard error: 1.09 +/- 0.89 mu g/g wet wt), followed by sex
and year. Accordingly, radiotelemetry data revealed that Forster's terns generally
remained near their site of capture and foraged in nearby salt ponds, managed and
tidal marshes, and tidal flats. In contrast, capture site and capture date were not
important factors explaining variation in feather mercury concentrations, probably
because feathers were grown on their wintering grounds several months prior to our
sampling. Instead, sex and year were the most important factors explaining mercury
concentrations 1in breast feathers (9.57 +/- 8.23 mu g/g fresh wt), and sex was the
most important factor for head feathers (6.94 +/- 7.04 mu g/g fresh wt). oOverall, 13
and 22% of prebreeding Forster's terns were estimated to be at high risk for
deleterious effects due to mercury concentrations in blood (>3.0 mu g/g wet wt) and
feathers (>20.0 mu g/g fresh wt), respectively. Breeding terns are 1likely to be even
more at risk because blood mercury concentrations more than tripled during the 45-d
prebreeding time period. These data illustrate the importance of space use and
tissue type in interpreting mercury concentrations in birds.
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Ackerman, J. T., C. A. Eagles-Smith, et al. (2007). "Mercury concentrations and
space use of pre-breeding American avocets and black-necked stilts in San Francisco
Bay." Science of the Total Environment 384(1-3): 452-466.

we examined factors influencing mercury concentrations in pre-breeding
American avocets (Recurvirostra americana) and black-necked stilts (Himantopus
mexicanus), the two most abundant breeding shorebirds in San Francisco Bay,
California. we tested the effects of species, site, sex, year, and date on total
mercury concentrations in blood of pre-breeding adult birds and used radio telemetry
to determine space use and sites of dietary mercury exposure. We collected blood
from 373 avocets and 157 stilts from February to April in 2005 and 2006,
radio-marked and tracked 115 avocets and 94 stilts, and obtained 2393 avocet and
1928 stilt telemetry locations. Capture site was the most important factor
influencing mercury concentrations in birds, followed by species and sex. Mercury
concentrations were higher in stilts (geometric mean: 1.09 mu g g super(-) super(l)
wet weight [ww]) than in avocets (0.25 mu g g super(-) super(l) ww) and males
(stilts: 1.32 mu g g super(-) super(l) ww; avocets: 0.32 mu g g super(-) super(l)
ww) had higher Tevels than females (stilts: 1.15 mu g g super(-) super(l) ww;
avocets: 0.21 mu g g super(-) super(l) ww). Mercury concentrations were highest for
both species at the southern end of San Francisco Bay, especially in salt pond A8
(stilts: 3.31 mu g g super(-) super(l) ww; avocets: 0.58 mu g g super(-) super(l)
ww) . Radio telemetry data showed that birds had strong fidelity to their capture
site. Avocets primarily used salt ponds, tidal marshes, tidal flats, and managed
marshes, whereas stilts mainly used salt ponds, managed marshes, and tidal marshes.
our results suggest that variation in blood mercury concentrations among sites was
attributed to differences in foraging areas, and species differences in habitat use
and foraging strategies may increase mercury exposure in stilts more than avocets.

Ackerman, J. T., J. Y. Takekawa, et al. (2008). "Mercury contamination and effects
on survival of American avocet and black-necked stilt chicks in San Francisco Bay."
Ecotoxicology 17(2): 103-116.

we evaluated whether mercury influenced survival of free-ranging American
avocet (Recurvirostra americana) and black-necked stilt (Himantopus mexicanus)
chicks in San Francisco Bay, California. Using radio telemetry, we radio-marked 158
avocet and 79 stilt chicks at hatching and tracked them daily until their fate was
determined. we did not find strong support for an influence of in ovo mercury
exposure on chick survival, despite observing a wide range of mercury concentrations
in chick down feathers at hatching (0.40-44.31 mu g g super(-1) fw). we estimated
that chick survival rates were reduced by less than or equal to 3% over the range of
observed mercury concentrations during the 28-day period from hatching to fledging.
we also salvaged newly-hatched chicks that were found dead during routine nest
monitoring. In contrast to the telemetry results, we found that mercury
concentrations in down feathers of dead chicks were higher than those 1in
randomly-sampled 1live chicks of similar age. However, capture site was the most
important variable influencing mercury concentrations, followed by year, species,
and hatching date. Although Taboratory studies have demonstrated negative effects of
environmentally relevant mercury concentrations on chick survival, our results
concur with the small number of previous field studies that have not been able to
detect reduced survival in the wild.

Acuna, S., D.F. Deng, P. Lehman, and S. Teh (2012). "sublethal dietary effects of
Microcystis on Sacramento splittail, Pogonichthys macrolepidotus." Aquatic
Toxicology 110-111 (2012): 8.

Acufa, S. C., D. V. Baxa, et al. (2010). Dietary effects of Microcystis aeruginosa
on threadfin shad, Dorosoma petenense. IEP 2010 Annual Workshop and the 6th

Biennial Bay-Delta Science Conference. workshop presentation at the cCalifornia State
University, Sacramento and the Sacramento Convention Center, Sacramento, CA.

In the San Francisco Estuary (SFE), the presence of the toxic algal bTloom
Microcystis aeruginosa has been suggested as a 1link to the Pelagic Organism Decline
(PoD) by the Interagency Ecology Program (IEP) (2005). The bloom is predominantly of
the microcystin LR strain (MC-LR), a hepatotoxic protein that may impact the
survival of fish. The purpose of this study was to determine whether toxins from M.
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aeruginosa collected from the SFE were toxic to POD species, such as threadfin shad,
Dorosoma petenense (TFS) and to use the biomarkers of exposure to link toxicity to
exposure in field samples from the SFE. Juvenile TFS, were exposed to diets
containing 5 (D5) and 10 (D10) pg/g MC-LR for 57 days. The treatments were compared
to the control diet, 0 pug/g MC-LR (DO). Preliminary results revealed that condition
factor (CF) and 1iver and gonadal lesions were sensitive to exposure. There was a
significant inverse relationship with CF and MC-LR, with exposed fish exhibiting
severe cachexia. Liver Tesions of sinusoidal congestion, and glycogen depletion
significantly increased with increasing MC-LR concentrations, indicating
hemorrhaging in the liver and poor nutritional status, respectively. In females,
there was a significant increase in severe ovarian atresia with increasing MC-LR
concentration, indicating loss of reproductive potential. The results indicate that
chronic exposure to MC-LR from M. aeruginosa significantly impairs the health and
reproductive potential of threadfin shad. The biomarkers characterized from the
dietary study will be compared with field samples of TFS from the SFE collected
during M. aeruginosa blooms to determine whether the TFS were exposed to MC-LR. The
results from this study may help establish the 1ink suggested by the IEP between the
bloom and POD therefore aiding in determining management protocols for controlling
the M. aeruginosa blooms in the SFE.

Adams, P. (2010). Advances 1in salmonid monitoring: The California coastal salmonid
population monitoring plan and the salmon monitoring advisor. 6th Biennial Bay-Delta
Science Conference. Workshop presentation at the Sacramento Convention Center,
Sacramento, California.

without salmon monitoring, we can not know what condition salmon populations
are in and whether our actions are helping or harming these populations. This talk
describes two recent advances in salmonid monitoring: The California Coastal
Salmonid Population Monitoring Plan and The Salmon Monitoring Advisor website. The
California Coastal Salmonid Monitoring Plan has been developed to gauge the
condition and recovery of coastal salmonids and uses the viable Salmonid Population
concept; abundance, productivity, spatial structure, and diversity; as a framework.
It divides california into Northern and Southern areas with a boundary north of the
Pajaro River. 1In the Northern Area, adult numbers will be estimated mostly through
expanded redd survey selected in a random, spatially balanced way, and in the
Southern Area, adults will be counted at fixed stations due to different species
composition and extreme low abundance. Spatial structure will be monitored using
juvenile summer-fall snorkel surveys. Diversity traits are locally different, and
will need to be examined using Tocal diversity monitoring plans. A second project
is the web-accessible knowledge base called the "Salmon Monitoring Advisor". The
site is accessible in a hierarchical manner to reflect diverse audiences, including
(1) scientists who design monitoring programs and/or analyze the resulting data, (2)
technical staff who implement monitoring designs in the field, (3) people involved
in providing funding for monitoring programs, and (4) managers and decision makers.
It provides advice and guidelines of how to work through the essential steps
involved in designing monitoring programs to meet objectives. It provides pros and
cons of different designs, rather than being prescriptive about which design best
meets a particular monitoring objective. The web site uses seven sequential steps to
guide monitoring design and implementation and provides extensive explanations and
real-world examples for each step.

Adams, P. B., L. W. Botsford, et al. (2007). "Coho Salmon Are Native South of San
Francisco Bay: A Reexamination of North American Coho Salmon's Southern Range
Limit." Fisheries 32(9): 441.

Kaczynski and Alvarado (2006) have challenged the established southern
boundary of coho salmon (Oncorhynchus kisutch) at the San Lorenzo River. They
conclude that it is improbable coho salmon maintained self-sustaining populations
south of San Francisco Bay, based primarily on evidence from early museum
collections and literature, the archaeological record, analyses of ocean conditions,
and suitability of habitat. They suggest that hatchery plantings were the source of
these coho salmon south of San Francisco Bay. Using the same and new information, we
are able to counter these statements. Our examination of existing records found no
reason to discount the coho salmon collections made in 1895 from streams south of
San Francisco. Early distributional records state that coho salmon were abundant
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from San Francisco northward, but did not indicate coho salmon were absent south of
San Francisco. Recent archeological evidence documents the presence of coho salmon
in middens south of San Francisco prior to European habitation of the region.
Furthermore, we found no creditable climatic, oceanographic, or ecological evidence
for habitat differences between areas immediately north and south of San Francisco
Bay. In fact, we believe that there is a more reasonable habitat and faunal break
south of the San Lorenzo River, encompassing the allegedly controversial southern
range of the coho salmon.Original Abstract: Kaczynski y Alvarado (2006)
establecieron que el Rio San Lorenzo es la frontera sur de la distribucion del
salmon coho (Oncorhynchus kisutch). Sobre la base de evidencia museografica y
documentaria, registros arqueologicos, analisis de condiciones oceanicas y del
habitat, concluyen que es improbable que existan poblaciones viables de salmon coho
al sur de 1la Bahia de San Francisco. Sugieren que el origen de estos salmones en la
Bahia de San Francisco son granjas de engorda. Utilizando Ta misma y nueva
informacion, en el presente trabajo se confrontan dichos argumentos. Nuestro examen
de Tos registros existentes mucstra que no hay razon aparente como para descartar
las colecciones de salmon coho realizadas en 1895 en Tos rios del sur de San
Francisco. Los primeros registros de la distribucion geografica de esta especie
indican que era abundante desde San Francisco hacia el norte, pero no prueban que el
salmon coho estuviese ausente del sur de San Francisco. La evidencia arqueologica
recicnte documenta la presencia del salmon coho en el sur de San Francisco incluso
antes de los asentamientos europeos en la region. Mas aun, no se encontro evidencia
suficiente en cuanto al clima, oceanografia o ecologia que corrobore diferencias de
habitat cntre las areas inmediatas al sur y norte de la Bahia de San Francisco. De
hecho, creetmos que existe una mayor y razonable diferenciacion faunistica y de
habitat at sur del Rio San Lorenzo, 1o que comprende buena partc de la controversia
sobre el ambito sureno de la distribucion del salmon coho.

Adib-Samii, J. (2010). 2009 Spring Kodiak Trawl Survey for the San Francisco
Estuary. IEP Newsletter. 23: 5.

Adib-Samii, J. (2010). 2010 Smelt Larva Survey. IEP Newsletter. 23: 4.

Adib-samii, J. (2010). The presence and relative abundance of delta smelt in the
Sacramento Deep water Shipping Channel. IEP 2010 Annual workshop. workshop
presentation at the cCalifornia State University, Sacramento, Sacramento, CA.

Agency, U. S. E. P. (2013). watershed Modeling to Assess the Sensitivity of
Streamflow, Nutrient, and Sediment Loads to Potential Climate Change and Urban
Development in 20 U.S. watersheds, Second Draft. U. S. E. P. Agency. Washington, DC,
U.S. Environmental Protection Agency: 186.

This report describes watershed modeling in 20 Targe, U.S. drainage basins
(6,000-27,000 mi2) to
characterize the sensitivity of U.S. streamflow, nutrient (N and P) Tloading, and
sediment loading
to a range of potential mid-21st century climate futures, to assess the potential
interaction of
climate change and urbanization in these basins, and to improve our understanding of
megh?do1ogica1 challenges associated with integrating existing tools (e.g., climate
models,
downscaling approaches, and watershed models) and datasets to address these
scientific
qgquestions. Study areas were selected to represent a range of geographic,
hydroclimatic,
phys;ographic, and Tand use conditions together with practical considerations such
as the
availability of data to calibrate and validate watershed models. Climate change
scenarios are
baée? on mid-21st century climate model projections downscaled with regional climate
models
(RCMs) from the North American Regional Climate Change Assessment Program (NARCCAP)
and %he bias-corrected and spatially downscaled (BCSD) data set described by Maurer
et al.

Page 5



130705 IEP BibTiography.txt
(2007). Urban and residential development scenarios are based on EPA’s
national-scale
Integrated Climate and Land Use Scenarios (ICLUS) project (U.S. EPA, 2009d).
watershed
moq$1ing was conducted using the Hydrologic Simulation Program-FORTRAN (HSPF) and
So1
and water Assessment Tool (SWAT) watershed models.

Aguado, E., D. Cayan, et al. (1992). "Climatic fluctuations and the timing of
west-coast streamflow." Journal of Climate 5(12): 1468-1483.

Since about 1950 there has been a trend in the California Sierra Nevada
toward a decreasing portion of the total annual streamflow occurring during April
through July, while the streamflow during autumn and winter has increased. This
trend not only has important ramifications with regard to water management, it also
brings up the question of whether this represents a shift toward earlier release of
the snowpack resulting from greenhouse warming. Therefore, the observed record has
been examined in terms of relative influences of temperature and precipitation
anomalies on the timing of streamflow in this region. To carry out this study, the
fraction of annual streamflow (called the fractional streamflow) occurring in
November-January (NDJ), February-April (FMA), and May-July (M33) at low, medium, and
high elevation basins in cCalifornia and Oregon was examined. Linear regression
models were used to relate precipitation and temperature to the fractional
streamflow at the three elevations for each season. Composites of monthly
temperature and precipitation were employed to further examine the fractional
streamflow in its high and low tercile extremes. Long time series of climatic and
hydrologic data were also looked at to infer the causes in the trend toward earlier
runoff. For the low-elevation basins, there is a dominant influence of precipitation
on seasonal fractional streamflow. Middle-elevation basins exhibit a longer memory
of precipitation and temperature in relation to their fractional streamflow.
In-season precipitation is still the most important influence upon NDJ and FMA
fractional streamflow; however, the influence of temperature in melting the snowpack
is seen on MJJ fractional streamflow, whose strongest influence is FMA temperature.
At higher elevations, prior-season precipitation exerts a greater influence than at
Tow and middle elevations, and seasonal temperature anomalies have an effect on all
seasonal streamflow fractions. There are several causes for the trend toward
decreasing fractional streamflow in the spring and summer. Concomitant with the
trend in the timing of streamflow was an increase in NDJ (most notably November)
precipitation. There also has been a trend toward higher spring temperatures over
most of the western United States, but since there has also been a trend toward
decreasing temperatures in the southeast, we do not interpret this as a signal of
anthropogenic warming. Other factors in the trend toward earlier streamflow may
include a decrease in MJJ precipitation and an increase in August-October
precipitation.

Ahearn, D. S., R. W. Sheibley, et al. (2005). "Effects of river regulation on water
quality in the lower Mokelumne River, California." River Research and Applications
21(6): 651-670.

This study examines the effects of flow regulation on water quantity and
quality by comparing an impounded system (Mokelumne River) with an adjacent
unimpounded system (Cosumnes River). Between 1999 and 2002, the Cosumnes River
displayed a strong seasonal cycle for each constituent analysed (total suspended
solids, NO3-N, total nitrogen, P0O4-P, total phosphorus, dissolved silicon, specific
conductivity, flow), while reservoirs in the lTower Mokelumne buffered and attenuated
physical and chemical fluctuations creating a weak seasonal pattern. Dissolved
silicon and total suspended solids were the two constituents most efficiently
sequestered by the reservoirs. while the reservoirs acted as traps for most
constituents, NO3-N and PO4-P were produced during the drier years of the study,
2001 and 2002. In contrast, the unimpounded reference reach in the Cosumnes was an
annual source for all constituents measured. The Cosumnes delivers its highest NO3-N
concentrations during the winter months (December-April), while peak concentrations
in the Mokelumne occur during the snowmelt (May-July) and baseflow (August-November)
seasons. Due to downstream N-Timitation, this temporal shift in NO3-N export may be
contributing to accelerated algal growth in the reach immediately downstream and
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eventually to algal biomass loading to the downstream Sacramento-San Joaquin Delta.
Copyright (c) 2005 John wiley & Sons, Ltd.

éiona, A. (2010). Flows in the Delta, water Years 2008 and 2009. IEP Newsletter. 23:

Alabaster, J. S. (1989). "The dissolved oxygen and temperature requirements of king
salmon oncorhynchus tshawytscha in the San Joaquin Delta, California, USA." Journal
of Fish Biology 34(2): 331-332.

Albrecht, A. B. (1964). "Some observations on factors associated with survival of
striped bass eggs and Tarvae." california Fish and Game 50: 100-113.

Alexander, R. R., R. J. Stanton, et al. (1993). "Influence of sediment grain size on
the burrowing of bivalves: Correlation with distribution and stratigraphic
persistence of selected Neogene clams." Palaios 8(3): 289-303.

Burrowing ability of 21 species of clams from Oregon, New Jersey, and
Scotland was determined in each sieved sediment ranging from fine gravel to mud 1in
half phi increments. A burrowing rate index (BRI), which normalizes burrowing time
for specimen mass, was calculated for each species in each sediment. Skewness and
kurtosis of the profile of average BRI's across the range of grain sizes was used to
categorize species as substrate generalists, substrate sensitive, or substrate
specialists. Substrate generalists (Anadara ovalis, Mercenaria mercenaria, Astarte
sulcata, Venerupis decussata, Venus striatula, Venus casina, Mya arenaria) burrowed
slowly into a wide range of grain sizes. Burrowing rate gradually diminished in
progressively coarser and finer grained sediments away from the optimum grain size,
producing a platykurtic (genty arching) BRI profile. Substrate specialists (Spisula
solida, Nucula sulcata, Cardium edule, Abra alba, Cultellus pellucidus) burrowed
rapidly in a very limited range of grain sizes, but failed to burrow into either or
both grain size extremes, thereby producing leptokurtic (peaked) BRI profiles.
Substrate sensitive species (Donax variabilis, D. vittatus, Tellina (Angulus)
tenuis, Ensis directus, Clinocardium nuttalli, Protothaca staminea, Petricola
pholadiformis, Macoma nasuta, Scrobicularia plana) penetrated a wider range of grain
sizes than specialists, although burrowing rates are slower at the coarse textured
extreme in comparison to generalists. In San Francisco Bay and Mississippi Delta
habitats, generalists (Anadara, Mercenaria, Mya) occur commonly in most sediment
categories and show high mean percent occurrence and Tow coefficient of variation
from the seven and eight sediment-influenced molluscan communities, respectively.
Substrate specialists (Spisula, Nucula) and some sensitive taxa (e.g., Petricola)
are sediment-restricted, show fidelity to one or two communities, have low mean
percent occurrence, and high coefficient of variation. Substrate generalists
(Anadara trilineata, Mya arenaria,), and species transitional with generalists
(Macoma nasuta), based on experimental data on either conspecific or congeneric
individuals, show high mean percent occurrences and Tow coefficient of variation in
the Pliocene Pecten Zone communities of the San Joaquin Formation of the Kettleman
Hills, california. Generalists show stratigraphic persistence, i.e., they are found
in 12-14 of 20 successive biostratigraphic units in the Etchegoin and San Joaquin
Formations, whereas specialists (Spisula, Acila (Nucula)) are never found in more
than four biostratigraphic units.

Allen, S. G. (1991). Harbor seal habitat restoration at Strawberry Spit, San
Francisco Bay: 47.

The shoreline habitat preferred by harbor seals (Phoca vitulina ) has been
shrinking at an accelerated rate in the past century. Strawberry Spit is one of
twelve documented seal haul-out sites in San Francisco Bay and is an example of the
abandonment of a haul-out site presumably due to increased development pressures.
Harbor seals have been hauling out on Strawberry Spit since the late 1960s. It was
estimated that the number of seals using the Spit during the winter of 1975-76
represented approximately one third of the total estimated harbor seal population of
San Francisco Bay at the time, roughly 100 seals. In the late 1970s, Strawberry Spit
was designated for a development project. Since then, the number of seals has
dropped precipitously. To mitigate potential disturbance to wildlife, the developer
agreed to sever the Spit from the mainland to create a seal refuge. The study was
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designed to evaluate the efficiency of mitigation measures and_to provide
recommendations on the value of such measures in enhancing seal habitat.

Allen, S. G., M. Stephenson, et al. (1993). "Red-pelaged harbor seals of the San
Francisco Bay region." Journal of Mammalogy 74(3): 588-593.

Harbor seals of San Francisco Bay, California, have a higher incidence of
red pelage (range, 4-32% of the total count) than is observed along the outer
eastern-Pacific coast or elsewhere in the world. Red pelage was observed among all
sex and age classes, except for pups. The pattern of red coloration on the body
varied; most seals had red hair extending from the head down to the shoulder.
Elemental analyses of hair samples revealed that red coloration was from deposition
of iron oxide precipitates on the hair shaft. we postulate that the particular
conditions within San Francisco Bay, including large areas of shallow water and
strong summer winds with resuspension of sediments, bring sufficient quantities of
ferrous iron from the sediments into the water column where it may serve as a
principal source of the ferric oxide deposited on pelage of seals.

Alpert, P., F. T. Griggs, et al. (1999). "Riparian forest restoration along large
rivers: 1Initial results from the Sacramento River Project." Restoration Ecology
7(4): 360-368.

Restoration of riparian vegetation along large rivers is complicated by the
patchiness of the habitat and by conflicts with the societal need to control
flooding. The Sacramento River Project, led by The Nature Conservancy in northern
California, 1is testing whether it i1s possible to restore native forest along a large
river without removing flood control. we conducted a post-hoc analysis of monitoring
data collected by the project on 1-4-year old plantings of 10 native trees and
shrubs at five sites. Two questions of general interest were: Can one identify types
of species or sites that are especially suitable for restoration in such riparian
habitats? To what degree must sites be treated as mosaics of patches, with different
types of patches that are suited to different species? Plant performance as measured
by height was better in species of Salicaceae or in species planted as cuttings than
in species of other families or in species planted as seedings or seeds. Three
within-site factors, land form, soil depth to a buried Tayer of sand or gravel, and
soil texture, affected the growth of several species, indicating that sites do need
to be treated as patchy. However, there was little evidence that different species
performed better on different types of patches. Instead, areas with deep or fine
soils seemed to be favorable for a number of species. Results suggest that it is
feasible to re-establish native trees and shrubs along large, regulated rivers, at
Jeast at certain sites for an initial period of several years with the aid of weed
control and irrigation. Shallowly buried layers or lenses of gravel or sand are a
hidden, fine-scale factor that can reduce plant growth on river terraces.

Alpine, A. E., and J. E. Cloern. (1992). "Trophic interactions and direct physical
effects control phytoplankton biomass and production in an estuary." Limnology and
Oceanography 37(5): 946-955.

The recent invasion of San Francisco Bay by the suspension-feeding clam
Potamocorbula amurensis has provided an opportunity to document the ecological
consequences of a major biological disturbance. Previous work over the last two
decades has shown that phytoplankton biomass in the upper estuary is Tow (2-3 mg Chl
a m-3) during seasonal periods of high river flow and short residence times, and it
is usually high (peak>30 mg Cchl a m-3) during the summer-autumn seasons of Tow river
flow and long residence time. However since P. amurensis became widespread and
abundant in 1987, the summer phytoplankton biomass maximum has disappeared,
presumably because of increased grazing pressure by this newly introduced species.
For the period 1977-1990, mean estimated primary production was only 39 g C m-2 yr-1
during years when bivalve suspension feeders were abundant (>2,000 m-2), compared to
106 g € m-2 yr-1 when bivalves were absent or present in Tow numbers. These
observations support the hypothesis that seasonal and interannual fluctuations in
estuarine phytoplankton biomass and primary production can be regulated jointly by
direct physical effects (e. g. river-driven transport) and trophic interactions
(episodes of enhanced grazing pressure by immigrant populations of benthic
suspension feeders).
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Alpine, A. E. and J. E. Cloern (1985). "Differences in in-vivo fluorescence yield
ggtwggg three phytoplankton size classes."” Journal of Plankton Research 7(3):
1- .

The size-dependent relationship between in vivo fluorescence (IVF) and
chlorophyl1l a was determined for monthly phytoplankton samples from the San
Francisco Bay estuary. Chlorophyll a and IVF were both measured on netplankton (>22
pm), nanoplankton (5 22 pm), and ultraplankton (<5 prn) samples that were separated
with screens. IVF and chlorophyll a were Tinearly related for each size class, but
the IVF per unit chlorophyll a (R) was significantly different between these three
size classes. The ultraplankton R was twice that of the nanoplankton which was in
turn twice the netplankton R. Hence, accurate size fractionation of phytoplankton
biomass from measures of IVF requires correction for size-dependent variations in R.

Alpine, A. E. and J. E. Cloern (1988). "Phytoplankton growth rates in a
1ggh£ ;1m1ted environment, San Francisco Bay.' Marine Ecology Progress Series 44(2):
7-17

San Francisco Bay has a high degree of spatial variability in physical
properties (e.g. suspended sediment concentrations, water depths, vertical mixing
rates) that affect biological processes. We used this setting to test the hypothesis
that Tight availability is the primary control of phytoplankton growth in this
turbid nutrient-rich estuary. In situ incubations (24 h), designed to simulate
vertical mixing over the water column at 2 rates, were done at 4 sites. The photic
depth to mixed depth ratio (zp:zm) at the 4 sites ranged from 0.12 to 1.1.
Phytoplankton growth rates were estimated by 14C assimilation and by changes in cell
number. Growth rates were highest (approximately 2 divisions d-1) where the photic
depth was Targe relative to the mixed depth, and small or negalive where zp:zm was
small. Growth rate increased with total daily Tight exposure and fit a hyperbolic
function that predicts maximum specific growth rate of about 2 divisions d-1 and a
compensation irradiance of about 1.4 Einst. m-2 d-1.

Alpine, A. E. and J. E. Cloern (1992). "Trophic interactions and direct physical
effects control phytoplankton biomass and production in an estuary." Limnology and
Oceanography 37: 946-955.

The recent invasion of San Francisco Bay by the suspension-feeding clam
Potamocorbula amurensis has provided an opportunity to document the ecological
consequences of a major biological disturbance. Previous work over the last two
decades has shown that phytoplankton biomass in the upper estuary is low (2-3 mg Chl
a m super(-3)) _ during seasonal periods of high river flow and short residence time,
and it is usually high (peak > 30 mg Chl a m super(-3)) during the summer-autumn
seasons of low river flow and Tong residence time. However since P. amurensis became
widespread and abundant in 1987, the summer phytoplankton biomass maximum has
disappeared, presumably because of increased grazing pressure by this newly
introduced species. For the period 1977-1990, mean estimated primary production was
only 39 g C m super(-2)/yr during years when bivalve suspension feeders were
abundant (> 2,000 m super(-2)), compared to 106 g C m super(-2)/yr when bivalves
were absent or present in low numbers. These observations support the hypothesis
that seasonal and interannual fluctuations in estuarine phytoplankton biomass and
primary production can be regulated jointly by direct physical effects and trophic
interactions.

Ambler, J. W., J.E. Cloern, and A. Hutchinson (1985). "Seasonal cycles of
zooplankton from San Francisco Bay." Hydrobiologia 129: 177-197.

The two estuarine systems composing San Francisco Bay have distinct
zooplankton communities and seasonal population dynamics. In the South Bay, a
shallow Tagoon-type estuary, the copepods Acartia spp. and Oithona davisae dominate.
As 1in estuaries along the northeast coast of the U.S., there is a seasonal
succession involving the replacement of a cold-season Acartia species (A. clausi
s.1.) by a warm-season species (A. californiensis), presumably resulting from the
differential production and hatching of dormant eggs. Oithona davisae is most
abundant during the fall. Copepods of northern San Francisco Bay, a partially-mixed
estuary of the Sacramento-San Joaquin Rivers, organize into discrete populations
according to salinity distribution: Sinocalanus doerrii (a recently introduced
species) at the riverine boundary, Eurytemora affinis in the oligohaline mixing
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zone, Acartia spp. in polyhaline waters (18-30%), and neritic species (e.g.,
Paracalanus parvus) at the seaward boundary. Sinocalanus doerrii and E. a%finis are
present year-round. Acartia clausi s.1. is present almost year-round in the northern
reach, and A. californiensis occurs only briefly there in summer-fall. The
difference in succession of Acartia species between the two regions of San Francisco
Bay may reflect differences in the seasonal temperature cycle (the South Bay warms
earlier), and the perennial transport of A. clausi s.1. into the northern reach from
the seaward boundary by nontidal advection. Large numbers (>106 m-3) of net
microzooplankton (>64 um), in cluding the rotifer Synchaeta sp. and three species of
tintinnid ciliates, occur 1in the South Bay and in the seaward northern reach where
salinity exceeds about 5-10 % Maximum densities of these microzooplankton are
associated with high concentrations of chlorophyll. Meroplankton (of gastropods,
bivalves, barnacles, and polychaetes) constitute a large fraction of zooplankton
biomassfi?1the South Bay during winter-spring and in the northern reach during
summer-fall.

Anderson, B., J. Hunt, et al. (2007). "Patterns and trends in sediment toxicity in
the San Francisco Estuary." Environmental Research 105(1): 145-155.

widespread sediment toxicity has been documented throughout the San
Francisco Estuary since the mid-1980s. Studies conducted in the early 1990s as part
of the Bay Protection and Toxic Cleanup Program (BPTCP), and more recently as part
of the Regional Monitoring Program (RMP) have continued to find sediment toxicity in
the Estuary. Results of these studies have shown a number of sediment toxic hotspots
located at selected sites in the margins of the Estuary. Recent RMP monitoring has
indicated that the magnitude and frequency of sediment toxicity is greater in the
winter wet season than in the summer dry season, which suggests stormwater 1inputs
are associated with sediment toxicity. Additionally, spatial trends in sediment
toxicity data indicate that toxic sediments are associated with inputs from urban
creeks surrounding the Estuary, and from Central valley rivers entering the northern
Estuary via the Delta. Sediment toxicity has been correlated with a number of
contaminants, including selected metals, PAHs and organochlorine pesticides. while
toxicity identification evaluations (TIEs) suggest that metals are the primary cause
of sediment toxicity to bivalve embryos;,TIEs conducted with amphipods have been
inconclusive. (c) 2006 Elsevier Inc. All rights reserved.

Anderson, B. S., J. W. Hunt, et al. (2000). "Ecotoxicologic change at a remediated
Superfund site in San Francisco, California, USA." Environmental Toxicology and
Chemistry 19(4): 879-887.

Lauritzen Channel 1is an industrial waterway adjacent to the former uUnited
Heckathorn facility in the inner Richmond Harbor area of San Francisco Bay,
California, USA. Marine sediments at this Superfund site were dredged from late 1996
through early 1997 to remove the primary chemicals of concern: DDT, and dieldrin.
This study assessed the Lauritzen Channel marine environment immediately before and
approximately one year after the dredging of sediments. The study included chemical
analysis of sediments, tissue concentrations of transplanted mussels, toxicity
testing of sediment samples, and characterization of benthic community structure.
Results indicated that sediment toxicity to bivalve larvae (Mytilus
galloprovincialis) decreased in postremediation samples, but that toxicity to the
amphipod Eohaustorius estuarius increased significantly. Assessment of benthos at
this site suggested a transitional benthic community structure. In addition,
postremediation sediments remained contaminated by a variety of organic chemical
compounds, including DDT, dieldrin, chlordane, polycyclic aromatic hydrocarbons, and
polychlorinated biphenyls. Tissue concentrations of DDT and dieldrin in mussels (M.
galloprovincialis) were lower than those 1in preremediation samples, indicating that
although sediment concentrations of organochlorine pesticides remained high,
concentrations of these chemicals in the water column were reduced after dredging.
This study demonstrates that the components of the site assessment were useful 1in
determining effectiveness of the remediation activities.

Anderson, F., M. Detto, J. Verfaillie, J.F. Saraceno, D. Baldocchi, B.A.
Bergamaschi, and R. Fuji (2010). Rebuilding Delta soils: the balance of greenhouse
gases. 6th Biennial Bay-Delta Science Conference. Workshop presentation at the
Sacramento Convention Center, Sacramento, California.
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Efforts to restore and convert wetlands on deeply subsided Delta peat
islands hold many environmental benefits such as subsidence reversal, soil carbon
storage, and atmospheric carbon sequestration. Although these ecosystems can store
carbon dioxide (C02) or 1imit the oxidation of existing peats, the anaerobic
conditions created by permanent and semi-permanent flooding can result in the
release of methane (CH4), a more potent greenhouse gas. The USGS Carbon Group,
Sacramento and UC Berkeley Biometeorology group are conducting studies to measure
C02 and CH4 emissions from two types of wetland restoration management strategies to
rebuild soils on existing agricultural peatlands: (1), conversion to rice
cultivation, and (2), conversion to a continuously inundated wetland.
Quasi-continuous measurements utilizing eddy covariance for C02 and CH4 were
conducted on Twitchell Island above rice cultivation plots in 2009 and above a
restored wetland marsh in 2010. Preliminary results suggest that rice cultivation
can be a strong sink for C02, due to high rates of photosynthesis during the day and
the inhibition of C02 released at night as respiration is limited by the flooded
conditions. CH4 emissions were lower than expected, but still about two times the
amount compared to the CH4 measurements collected from a pasture Tocated on Sherman
Island. The Tower than expected CH4 emissions may be due to the fact that 2009 was
the first year of cultivation and there is a Tack of an established methanogenic
bacteria community and/or a suitable substrate of labile carbon. Initial results
from the restored wetland are similar to the rice cultivation plots and have the
potential to be a strong sink for CO2. However, CH4 fluxes are expected to be higher
as conditions for methanogenesis most Tikely exist after ten years of vegetative
growth since the wetland was established.

Anderson, J., F. Bombardelli, K. zamani, E. Ateljevich, and P. Luzuriga (2010).
Development of a sediment and transport module for the DSM2 Delta Simulation Model.
6th Biennial Bay-Delta Science Conference. Poster paper presented at the Sacramento
Convention Center, Sacramento, California.

This poster describes the development of a one-dimensional Sediment and
Transport Module (STM) for the DSM2 Delta Simulation Model. STM 1is a general
transport model for conservative and non-conservative constituents with special
attention to including sediment transport. The module represents cohesive and
non-cohesive sediment transport in tidal channel networks. Both suspended sediment
and bed load are included in the module. STM uses a static frame of reference
(Eulerian) which will complement the existing moving frame of reference (Lagrangian)
DSM2 water quality module, QUAL. STM uses a second order accurate, finite volume
numerical solution approach. To verify that components of the model are coded
properly, a companion testing code has been developed. A Technical Advisory
Committee meets twice a year to guide the model development. Additionally, a website
is being developed that provides 1links to available sediment data sources for the
Sacramento-San Joaquin Delta. This poster will describe the progress and future
directions for developing STM and applying it for sediment transport in the Delta.

Anderson, J., B. Rook, C. watry, J. Hannon, and J. Merz (2010). Evaluating a
spawning habitat enhancement project: Restoring ecological processes and improving
habitat quality to benefit native salmonids. 6th Biennial Bay-Delta Science
Co?firenge. workshop presentation at the Sacramento Convention Center, Sacramento,
california.

we evaluated the effects of spawning gravel augmentation on habitat
conditions for Chinook salmon (Oncorhynchus tshawytscha) and steelhead trout (O.
mykiss) in the lower American River. A site with a high potential for anadromous
fish spawning use was selected for habitat enhancement on a regulated portion of the
Tower American River. Cleaned and sorted gravel material from local floodplain
tailings were utilized to augment and improve existing riffle habitat conditions by
decreasing average depths and substrate size while increasing average velocities. We
employed a Before-After, Control-Impact (BACI) design structure to test differences
between un-enhanced and enhanced areas (i.e., Control-Impact) by subjecting these
areas to replicated sampling over time (i.e., Before-After). we used the following
metrics to assess the effectiveness of the implemented augmentation on local
salmonid populations: 1) changes in habitat quality (i.e., substrate composition and
hyporheic water quality); and, 2) habitat use (i.e., spawning and rearing) versus
availability. Placed gravel was composed of appropriately sized substrate for
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spawning salmonids in the lower American River. Chinook salmon spawning was observed
within six weeks, and steelhead trout spawning was subsequently documented at the
enhanced site in the first season following augmentation. Juvenile salmonid rearing
was significantly higher along stream margins and inundated floodplain habitats
adjacent to enhanced habitat areas. These results suggest that newly created riffle
habitat can produce immediate ecosystem benefits and demonstrate rapid biological
responses. Continued success depends upon the integration of future projects at the
reach scale to adaptively manage existing and proposed projects to achieve
programmatic goals and objectives.

Anderson, J. (2010). salinity in the San Francisco Bay and Delta, Water Years 2008
and 2009. IEP Newsletter. 23: 2.

Anderson, J., F. Chung, et al. (2008). "Progress on incorporating climate change
into management of California's water resources." Climatic Change 87: S91-sS108.

This paper presents preliminary efforts by agencies managing California's
water resources to incorporate climate change research into their planning and
management tools. Projected increases in air temperature may lead to changes 1in the
precipitation patterns, runoff timing and volume, sea level rise, and changes in the
amount of irrigation water needed due to modified evapotranspiration rates.
Historical observations of climate change related to California's water resources
are shown. Results from preliminary modeling studies of potential impacts of climate
change to operations of the State Water Project and Central valley Project, Delta
water quality and water Tevels, flood forecasting and evapotranspiration rates are
presented. Future directions to incorporate risk assessment are discussed.

Anderson, L. and M. C. Hoshovsky. (2000). Egeria densa. Invasive Plants of
California's wildlands. C. C. Bossard, J. M. Randall and M. C. Hoshovsky. Berkeley,
CA., University of california Press.

Anderson, M. (2010). Planning for water resources system re-operation due to climate
change. 6th Biennial Bay-Delta Science Conference. Workshop presentation at the
Sacramento Convention Center, Sacramento, California.

Climate change is expected to increase temperatures, change the distribution
and form of precipitation, and change the timing and quantity of runoff. All of
these changes will impact California’s water resources systems demanding some form
of adaptation. Changing water management practices is a centerpiece of the
California Department of Water Resources’ adaptation strategies for climate change.
In this talk, a review of climate change impacts affecting California’s water
resources is provided as a backdrop for setting the Tandscape for system
re-operation as a means of adapting to those changes.

Antonio, D. B., C. Swanson, et al. (2000). "Prevalence of Mycobacterium in wild and
captive delta smelt." california Fish and Game 86(4): 233-243.

Anttila, C. K., C. C. Daehler, et al. (1998). "Greater male fitness of a rare
invader (Spartina alterniflora, Poaceae) threatens a common native (Spartina
foliosa) with hybridization." American Journal of Botany 85(11): 1597-1601.

Hybridization with abundant invaders is a well-known threat to rare native
species. our study addresses mechanisms of hybridization between a rare invader,
smooth cordgrass (Spartina alterniflora) and the common native California cordgrass
(s. foliosa) in the salt marshes of San Francisco Bay. These species are
wind-polTlinated and flower in summer. The invader produced 21-fold the viable pollen
of the native, and 28% of invader pollen germinated on native stigmas (1.5-fold the
rate of the native's own pollen). Invader pollen increased the seed set of native
plants almost eightfold over that produced with native pollen, while native pollen
failed to increase seed set of the invader. This pollen swamping and superior siring
ability by the invader could Tead to serial genetic assimilation of a very large
native population. Unlike california cordgrass, smooth cordgrass can grow into Tow
intertidal habitats and cover open mud necessary to foraging shorebirds, marine
1ife, navigation, and flood control in channels. To the extent that intertidal range
of the hybrids is more similar to the invader than to the native parent,
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introgression will lead to habitat loss for shore birds and marine life as well to
genetic pollution of native california cordgrass.

Anttila, K. C., A. R. King, et al. (2000). "Reciprocal hybrid formation of Spartina
in San Francisco Bay." Molecular Ecology 9(6): 765-770.

Diversity in the tRNA super(LEU1l) intron of the chloroplast genome of
Spartina was used to study hybridization of native California cordgrass, Spartina
foliosa, with S. alterniflora, introduced to San Francisco Bay approximately 25
years ago. We sequenced 544 bases of the tRNA super(LEUl) intron and found three
polymorphic sites, a pyrimidine transition at site 126 and transversions at sites
382 and 430. Spartina from outside of San Francisco Bay, where hybridization between
these species 1is impossible, gave cpDNA genotypes of the parental species. S.
foliosa had a single chloroplast haplotype, CCT, and this was unique to California
cordgrass. S. alterniflora from the native range along the Atlantic coast of North
America had three chloroplast haplotypes, CAT, TAA, and TAT. Hybrids were
discriminated by random amplified polymorphic DNA (RAPD) phenotypes developed in a
previous study. we found one hybrid that contained a cpDNA haplotype unknown in
either parental species (TCT). The most significant finding was that hybridization
proceeds in both directions, assuming maternal inheritance of cpDNA; 26 of the 36
hybrid sSpartina plants from San Francisco Bay contained the S. foliosa haplotype,
nine contained haplotypes of the invading S. alterniflora, and one had the cpDNA of
unknown origin. Furthermore, cpDNA of both parental species was distributed
throughout the broad range of RAPD phenotypes, suggesting ongoing contributions to
the hybrid swarm from both. The preponderance of S. foliosa cpDNA has entered the
hybrid swarm indirectly, we propose, from Fls that backcross to S. foliosa.
Flowering of the native precedes by several weeks that of the invading species, with
1ittle overlap between the two. Thus, F1 hybrids would be rare and sired by the last
S. foliosa pollen upon the first S. alterniflora stigmas. The native species
produces Tittle pollen and this has low viability. An intermediate flowering time of
hybrids as well as pollen that is more vigourous and abundant than that of the
native species would predispose Fls to high fitness in a vast sea of native ovules.
Thus, spread of hybrids to other S. foliosa marshes could be an even greater threat
to the native species than introductions of alien S. alterniflora.

ApTlin, J. A. (1967). Biological survey of San Francisco Bay, 1963-1966. MRO
Reference 67-4, california Department of Fish and Game Marine Resources Operations
Laboratory.

Archbald, G., and K. Boyer (2010). Evaluating the potential for spread of an
invasive forb, Limonium ramosissimum, in San Francisco Bay Salt Marshes. 6th
Biennial Bay-Delta Science Conference. workshop presentation at the Sacramento
convention Center, Sacramento, California.

Because invasive plants threaten San Francisco Bay’s restored and historic
salt marsh communities, identifying the extent of new invasions and how the
potential for additional spread is affected by physical factors will help managers
prioritize invasive species for control. In 2007, Limonium ramosissimum ssp
provinciale populations were discovered in South S.F. Bay marshes. while invasive 1in
southern california marshes, the extent of the invasion in S.F. Bay marshes, and how
salinity and inundation stress at the marsh and estuary scale affects the plant’s
dispersal, establishment, growth and reproduction, is unknown. To determine invasion
extent, marshes were searched and Limonium was mapped with GPS. To test dispersal
potential, Limonium seeds were floated in aquaria of different salinities for up to
14 days and then germinated in fresh water. To test how salinity affects
establishment, seeds of Limonium and 3 common marsh species were germinated in
salinities from 0 to 45. To test how common stressors effect growth and
reproduction, Limonium plants were grown from seeds to flowering under crossed
inundation and salinity treatments in a greenhouse experiment. Results indicate
Limonium has established in at Teast 15 marshes in S. SF Bay, covering approximately
3 acres. Limonium seeds can float in 15 and 30 salinity aquaria for at Teast two
weeks, and then germinate in fresh water (~86%) regardless of salinity or time
floating. When tested under saline conditions, Limonium seeds germinated at rates
equal to common native marsh species at 0, 15, 30 and 45 salinity. wWhen Limonium was
grown under crossed salinity/inundation treatments, both factors independently
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affected %rowth and flowering. Taken together, these results suggest Limonium 1is
capable of Tong distance dispersal events, can establish as readily as common native
halophytes, and invasions rates will accelerate if populations spread to Tow
salinity marshes. Limonium’s invasion potential warrants early removal.

Arkush, K. D., and P.A. Siri (2001). Exploring the role of captive broodstock
programs in salmon restoration. Contributions to the biology of Central valley
salmonids: Fish Bulletin 179. R. L. Brown. Sacramento, CA, State of California, The
Resources Agency, Department of Fish and Game. 2: 319-330.

Severe population declines have occurred in many Pacific salmon stocks.
Stock declines have been attributed to both anthropogenic and natural environmental
causes. These declines have been so dramatic that resource agencies have not had the
time or means to quantitatively describe stocks and develop rapid, reliable methods
of conserving rare genes. One method to prevent extinction is gene banking by means
of rearing broodstock in captivity for use in supplementing rare and endangered
stocks. with varying degrees of success, several captive breeding programs have been
initiated to provide “insurance” against genetic loss of imperiled stocks. Captive
breeding is expensive, requiring long-term intensive fish husbandry. It is not an
alternative to habitat restoration. In certain situations, such as small runs (20 to
100 spawning adults) combined with habitat undergoing restoration, captive breeding
may be a desirable supplementation strategy. It is certainly a beneficial option for
any stock on the edge of extinction. There are several salmon captive broodstock
programs on the west coast of North America, each employing different approaches and
technologies. Captive breeding techniques are evolved to a point where the progeny
of wild fish can be reared with a high degree of success. However, this kind of
intervention is costly and must be weighed against other factors that will determine
stock recovery. It is incumbent upon managers and scientists to define the
uncertainty, or risk, of captive breeding. Risk assessment is an essential component
of any captive breeding program. Emerging captive breeding programs can benefit from
the range of experience and technological development that has evolved over the past
decade. Molecular genetics, captive broodstock technology, conservation biology, and
fisheries supplementation risk assessment have matured to a stage where salmonid
captive breeding can be planned as an intervention with a measured effect.

Arkush, K. D., A. R. Giese, et al. (2002). "Resistance to three pathogens 1in the
endangered winter-run chinook salmon (Oncorhynchus tshawytscha): effects of
inbreeding and major histocompatibility complex genotypes." Canadian Journal of
Fisheries and Aquatic Sciences 59(6): 966-975.

This first major infectivity trial is carried out to examine differential
genetic resistance in fish for pathogens. Captive-bred, endangered winter-run
chinook salmon (oncorhynchus tshawytscha) are used to determine resistance to three
pathogens: the bacterium, Listonella (Vvibrio) anguillarum, infectious hematopoietic
necrosis virus (IHNV), and Myxobolus cerebralis, the parasite that causes whirling
disease. Resistance to these three pathogens were compared between inbred and
outbred salmon and between siblings that were heterozygous or homozygous for a class
2 gene in the major histocompatibility complex (MHC). In two of five different
comparisons, significant genetic effects on disease resistance were found. First,
MHC heterozygotes had a higher survival than MHC homozygotes when exposed to IHNV
and the selection disadvantage of homozygotes was estimated to 8.5%. Second, outbred
fish had a higher resistance than inbred fish when exposed to M. cerebralis. Using a
guantitative genetics approach, it appears that there are slightly more than three
gene equivalents segregating that would result in no resistance to M. cerebralis
when homozygous. Overall, the investigation suggests that pathogen susceptibility in
the winter-run chinook salmon will increase if further genetic variation is Tost in
this endangered species.

Arkush, K. D. and P. A. Siri (2001). Exploring the role of captive broodstock
programs in salmon restoration. Contributions to the Biology of Central valley
Salmonids: Fish Bulletin 179. R. L. Brown. Sacramento, CA, State of cCalifornia, The
Resources Agency, Department of Fish and Game. 2: 319-330.

Armor, C., and P.L. Herrgesell (1985). "Distribution and abundance of fishes in the
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San Francisco Bay Estuary between 1980 and 1982." Hydrobiologia 129: 211-227.

In 1980 a long-term study of the fishery resources of the San Francisco Bay
estuary was initiated in an effort to delineate the importance of freshwater inflow
to fish and invertebrate abundance and distribution in the bay. An analysis of the
traw]l data collected between January 1980 and December 1982 illustrates the
influence of the timing and magnitude of freshwater inflows on fish fistribution and
abundance in this estuary from the perspective of monthly, seasonal and annual time
scales. Normally found in the delta, Suisun Bay and San Pablo Bay during periods of
increased salinity, pelagic species moved downstream after the two peak flows
studied, while demersal species usually found in Central San Francisco Bay moved
upstream. Such upstream movements may be due in part to transport by strong
density-driven currents. Timing and magnitude of monthly catches of some species
varied on a seasonal cycle coincident with variations of freshwater inflow. Most
species, especially the marine species, showed no consistent cycle of monthly
catches. In the wet years of 1980 and 1982 the distributions of freshwater,
estuarine and anadromous species were extended downstream into San Pablo, Central
and South San Francisco Bays and some marine species, including the flatfish, were
more abundant in the upstream areas. In the dry year of 1981 when bay salinities
were higher, few marine species extended their distributions upstream into San Pablo
and Suisun Bays. Jacksmelt was the only fish of the 15 most abundant species with
its peak abundance in 1981. Most marine species were more abundant in the San
Francisco Bay estuary in the wet years.

Arnold, J. D. and H. S. Yue (1997). "Prevalence, relative abundance, and mean
intensity of plerocercoids of Proteocephalus sp. in young striped bass in the
Sacramento-San Joaquin Estuary." California Fish and Game 83(3): 105-117.

Up to 79% of Tarval and juvenile striped bass, Morone saxatilis, in the
Sacramento-San Joaquin Estuary harbor plerocercoids tentatively identified as
Proteocephalus sp. Histological slides of infected striped bass revealed cysts
encapsulating plerocercoids but no other host reaction. Prevalence of plerocercoids
varied significantly among years and increased with striped bass Tength. Two
copepods, Sinocalanus doerri and Eurytemora affinis, eaten by striped bass harbor a
procercoid and are probable vectors. However, copepod abundance in the estuary and
in the diet of striped bass was not consistently correlated with prevalence of
plerocercoids in striped bass. Plerocercoid prevalence correlated significantly with
water temperature and transparency but not with river outflow or electrical
conductivity.

Arthur, 3. F., and M. Ball. (1979). Factors influencing the entrapment of suspended
material in the San Francisco Bay-Delta Estuary. San Francisco Bay: The urbanized
estuary. T. Conomos. San Francisco, CA, Pacific Division American Association for
the Advancement of Science: 143-174.

Inorganic suspended particulate matter, turbidity, particulate nutrients,
phytoplankton, Neomysis mercedis (Holmes), certain other zooplankton, and juvenile
striped bass (young-of-the-year) accumulate in an entrapment zone located in the
upper San Francisco Bay-Delta estuary (Sacramento-San Joaquin River System). The
location of this entrapment zone is regulated by the magnitude and the pattern of
river inflow, as well as the tidal excursion. At Delta outflow indices of 20 m
3-s-1, the zone was Tlocated 40-45 km upstream of its location at 1,800 m3-s-1; tidal
movement of the zone is from 3 to 10 km, depending on tidal phase and height. The
Jocation of the zone is related to, and can be approximated from, specific
conductance values of 2 to 10 millimho-cm-1 (1-6 % salinity). The concentration of
constituents in the zone varied directly with Delta outflow, water depth, and tidal
velocity. Depending on the constituent and environmental conditions at the time of
measurement, the suspended-material concentration varied from as little as twice to
as much as several hundred times the upstream or downstream concentration. The most
significant environmental aspect of the entrapment zone may be that the quantity of
phytoplankton and certain other estuarine biota appear to be enhanced when the zone
is Tocated 1in upper Suisun Bay.

Arthur, J. F. (1990). Continuous monitoring of striped bass eggs and Tlarvae in the
San Francisco Bay-Delta Estuary: a potential management tool. Sacramento, CA, U.S.
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Bureau of Reclamation Report.

Arthur, J. F., M.D. Ball, and S.Y. Baughman (1996). Summary of federal and state
water project environmental impacts in the San Francisco Bay-Delta Estuary,
California. San Francisco Bay: The urbanized estuary. J. T. Hollibaugh. San
Francisco, CA, American Association for the Advancement of Science: 445-495,

Arthur, J. F. and M. D. Ball (1979). Factors influencing the low phytoplankton
standing crop in Suisun Bay during the 1976-77 drought. Sacramento CA, U.S.
Department of the Interior, Bureau of Reclamation, Technical Report.

Arthur, J. F. and M. D. Ball (1980). The significance of the entrapment zone
location to the phytoplankton standing crop in the San Francisco Bay-Delta Estuary.
Sacramento CA, U.S. Department of the Interior, water and Power Resources Service,
Technical Report.

A study conducted during the summer of 1978 in the upper San Francisco
Bay-Delta Estuary of cCalifornia further supports the theory that phytoplankton
standing crops are highest when the entrapment zone is adjacent to the expansive
shallows of Suisun Bay. The photic zone in the shallows of Suisun Bay constitutes a
greater percentage of the total depth than in the channels. Results indicate that
the phytoplankton standing crop in Suisun Bay can be regulated, within water
?vai1§bi1ity Timits, by manipulating delta outflow to optimize the entrapment zone

ocation.

Arthur, J. F., M. D. Ball, et al. (1996). Summary of federal and_state water project
environmental impacts in the San Francisco Bay-Delta Estuary, California. San
Francisco Bay: The Ecosystem. J. T. Hollibaugh. San Francisco, AAAS: 445-495,

Atwater, B. F. (1979). Ancient processes at the site of southern San Francico Bay:
movement of the crust and changes in sea level. San Francisco Bay: the urbanized
estuary. T. J. Conomos. San Francisco, Pacific Division, AAAS: 31-45.

Atwater, B. F., S. G. Conard, et al. (1979). History, landforms, and vegetation of
the estuary's tidal marshes. San Francisco Bay: the urbanized estuary. T. 3J.
conomos. San Francisco, Pacific Division, American Association for the Advancement
of Science: 347-385.

Around 8,000 to 10,000 years ago, sharply rising sea levels nursed a newborn San
Francisco Bay
eﬁtuary whgse tidal marshes probably covered less area than open water. Thereafter
the rate o
submergence decreased about 10-fold, and by 6,000 years ago sediment began to
maintain marshes that
later spread across marginal parts San Francisco Bay. By thus counteracting or
overtaking submergence,
sedimentation created marshes that, as of 1850, covered about 2200 km2, nearly twice
as much area as
the bays. People have leveed or filled all but approximately 85 km2 of these marshes
during the past 125
years. Concurrently, human activities have caused the delivery of enormous
quantities of sediment to the
bays and the slackening of tidal currents in sloughs, thereby contributing to the
creation of nearly 75 km2 of
marsh, about half of which remains pristine. Plains situated near high-tide Tevels
are the most extensive
landforms of both historic and modern marshes. Tides rather than upland tributaries
created most sloughs
around the bays, but riverine floods erected natural Tevees that confined tidal
water in the Delta. Tidal
marshes around San Francisco Bay typically containl3 or 14 species of vascular
plants characteristic of
salt marshes and are dominated by common pickleweed (Salicornia pacifica) and
Ccalifornia cordgrass
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(spartinafoliosa). In the Delta, tidal marshes support about 40 species
characteristic of fresh-water
marshes and are dominated by tules and bulrushes (Scirpus spp.), cat-tails (Typha
spp.), and common
reed (Phragraites communis). These contrasting communities overlap around San Pablo
Bay, Carquinez
Strait, and Suisun Bay. Damage to tules and bulrushes during the drought of
1976-1977 confirms that
intolerance of salt causes these plants to disappear toward San Francisco Bay. The
disappearance of
California cordgrass and common pickleweed toward the Delta, alternatively, may
result from unsuccessful
competition against tules, bulrushes, and other species. If export equals one
qgquarter of net above-ground
productivity, then vascular plants of the tidal marshes collectively contribute
about 10 billion grams of
éagggn per year to other parts of the estuary.

5

Austin, C. (2010). cConceptual model of mercury in Tomales Bay. 6th Biennial
Bay-Delta Science Conference. Workshop presentation at the Sacramento Convention
Center, Sacramento, California.

This second presentation on mercury in Tomales Bay focuses on hydrodynamics,
mercury in sediment, and provides a conceptual model to support a Total Maximum
Daily Load (TMDL) for mercury in Tomales Bay. (Kat Ridolfi’s first presentation
focuses on methylmercury bioaccumulation in wildife prey.) Tomales Bay 1is a
potential case study for how mine remediation may benefit the Bay-Delta. Mercury,
methylation, and bioaccumulation are issues common to both Bay-Delta and Tomales
Bay. They share sources in common (mercury mining and atmospheric deposition),
although there are no industrial or wastewater discharges to Tomales Bay. In
contrast to the Bay-Delta, mercury mining in Tomales Bay occurred recently (in the
1960s) and the single mine site was remediated in 2000. Hydrodynamic forces 1in
Tomales Bay confine mine pollution to a localized area (walker Creek delta) where it
is buried by cleaner sediments. Our preliminary conceptual model describes that
mercury in sediments is methylated and bioaccumulated through the food web to levels
that sometimes exceed safe thresholds for humans and wildlife. Mean mercury in
preferred shell- & sportfish is 0.2 mg/kg (the proposed target), but in Tess
frequently consumed sportfish (sharks & rays) is 0.8 mg/kg. There are bay-wide fish
consumption advisories for sport fish (but not commercial shellfish). Total mercury
concentrations in sediment decrease with distance from the walker Creek delta, as do
methyImercury concentrations in benthic biota (limited data). 1Initially, we plan to
leverage existing mercury control programs. We estimate that mine site remediation
reduced loads by 90 percent (see related poster). Previously eroded mine wastes
still caught in the downstream channel will be addressed by other, existing TMDLs.
Marin County already has programs in place to reduce mercury from stormwater runoff.
we plan to monitor mercury concentration trends in biota over time to ensure they
decline to safe levels.

Austin, C., A. Myers, D.C. wWhyte, and J.w. Kirchner (2010). Quantifying the
effectiveness of remediation at Gambonini mercury mine in California Coast Range.
6th Biennial Bay-Delta Science Conference. Poster paper presented at the Sacramento
convention Center, Sacramento, California.

How effective is site cleanup? Simple before-and-after comparisons of
contaminant concentrations or Toads can be misleading measures of remediation
effectiveness, due to factors external to the remediation, including weather. Wwe
present a new analytical method, before-and-after contaminant rating curves, to
correct for variations in external driving forces, and thus to clarify remediation
effectiveness. we demonstrate our method using monitoring data from the Gambonini
mercury mine in the California Coast Range. Measured mercury loads in a stream
draining the mine site were a factor of ~1000 lower five years after remediation,
compared to measurements made prior to remediation. However, the post-remediation
year also had much Tower rainfall, and thus would be expected to give lower mercury
loads because most of the mercury comes from erosion of the waste pile. oOur
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calculations show that the variation in rainfall would account for a factor of
~60-80 decrease in mercury Toads (98-99% removal efficiency), even without
remediation. our results also show, that (a) concentrations of mercury in sediment
went down (less mine waste in stream sediment), (b) concentrations of sediment at a
given stream flow went down (less sediment mobilized due to greater slope
stability), and therefore (c) for a given stream flow, a much smaller Toad of
mercury left the site. Therefore, the mine remediation can be shown to have reduced
mercury loads by a factor of 10-20 (90-95%) on an all-else-equal basis.

Ayres, D. R., D. Garcia-Rossi, et al. (1999). "Extent and degree of hybridization
between exotic (Spartina alterniflora) and native (S. foliosa) cordgrass (Poaceae)
in california, USA determined by random amplified polymorphic DNA (RAPDs)."
Molecular Ecology 8: 1179-1186.

The purpose of this study was to determine the spread of smooth cordgrass
(spartina alterniflora) and Spartina foliosa x alterniflora hybrids within the San
Francisco Bay and along the california coast, and to examine the degree of
hybridization occurring in the marshes using species-specific nuclear DNA markers.
The authors consider -- (1) where do hybrid populations occur?; (2) how extensive is
the hybridization in areas of overlap?; and (3) what are the frequencies of the
various hybrid classes, and does this suggest that introgressive hybridization is
taking place? They also consider the ecosystem impacts of the proliferation of the
hybrid and s. alterniflora, and suggest strategies for their control in california.

Baerwald, M., V. Bien, F. Feyrer, and B. May (2007). "Genetic analysis reveals two
distinct Sacramento splittail (Pogonichthys macrolepidotus) populations "
Conservation Genetics 8(1): 159-167.

The Sacramento splittail is an endemic cyprinid fish of the San Francisco
estuary and its tributaries, which is a highly manipulated, constantly changing
ecosystem. Splittail is the only extant member of its genus and is listed as a
federal and california Species of Special Concern due to uncertainties regarding
long-term abundance trends. Determining population structure for splittail is
important because unique populations may contain different adaptive genetic
variation, which can allow one population to persist through future environmental or
demographic stochasticity while others become extirpated. To assess splittail
population structure, 13 microsatellite markers were used to genotype 489
young-of-year splittail from five major rivers draining into the estuary: Cosumnes,
Napa, Petaluma, Sacramento, and San Joaquin Rivers. Two genetically distinct
populations were found to exist within our study region; one largely comprised of
splittail collected from the Petaluma and Napa Rivers and the second comprised of
splittail collected from tributaries in California's Central valley: Cosumnes,
Sacramento, and San Joaquin Rivers. These results were replicated in two consecutive
years with both distance and model-based algorithms. The genetic distinction between
these two populations appears correlated with salinity differences between migratory
regions and spawning grounds. Splittail from the Petaluma River exhibited a
significantly higher degree of differentiation from the Central valley population
than did Napa River splittail. our results suggest on-going monitoring programs are
probably highly biased towards sampling splittail from the Central valley
population. Understanding population dynamics of splittail could be improved if
monitoring programs were expanded to include all splittail populations.

Baerwald, M., V. Bien, et al. (2006). "Microsatellite analysis reveals two
genetically distinct splittail (Pogonichthys macrolepidotus) populations in the San
Francisco Estuary." Conservation Genetics.

Baerwald, M. R., , B.M. Schreier, G.Schumer & B. May (2012). "Detection of
Threatened Delta Smelt in the Gut Contents of the Invasive Mississippi Silverside 1in
the San Francisco Estuary Using TagMan Assays.'" Transactions of the American
Fisheries Society 141(6): 8.

- Genetic analyses of gut contents to detect predation is both
sensitive and accurate when analyzing wild caught predators.
- Mississippi silversides prey upon larval delta smelt in the Sac deepwater
ship channel, though detections were restricted to fish from the center of the
channel (collected by Kodiak trawl).
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- Captive feeding trial results indicate that smelt DNA remains at detectable
Tevels for 12-36 hours post-ingestion. Traditional visual analysis is only capable
of detecting predation 30-60 minutes post-ingestion.

Baerwald, M. R. and B. May (2004). "cCharacterization of microsatellite Toci for five
members of the minnow family Cyprinidae found in the Sacramento-San Joaquin Delta
and its tributaries.”" Molecular Ecology Notes 4(3): 385-390.

Two microsatellite-enriched Tibraries [(CAGA) sub(n), (TAGA) sub(n)] were
constructed using pooled DNA from three cyprinid species native_to the
Sacramento-San Joaquin Delta of California: Sacramento splittail (Pogonichthys
macrolepidotus); Sacramento pikeminnow (Ptychocheilus grandis); and tui chub
(siphateles bicolor). Primers were designed for 105 Toci and tested for levels of
polymorphism in five cyprinid species found in the Delta: Sacramento splittail,
Sacramento pikeminnow, tui chub, hitch (Lavinia exilicauda), and Sacramento
blackfish (Orthodon microlepidotus). Fifty-one loci were polymorphic for at least
one species and 31 loci were polymorphic for multiple species. The number of
polymorphic loci per species ranged from 16 to 26.

Bailey, H. C., C. Alexander, C. DiGiorgio, M. Miller, S. Doroshov and D. Hinton.
(1994). "The effect of agricultural discharge on striped bass in California's
Sacramento-San Joaquin drainage." Ecotoxicology 3(2): 123-142.

The striped bass (Morone saxatilis) population of the Sacramento-San Joaquin
Delta has declined approximately 80% since the mid-1970s. This decline has been
attributed to factors such as water diversions, pollution and reduced abundance of
food organisms. One source of potential pollutants is agricultural return water. The
Colusa Basin Drain discharges water from over 150,000 acres and can account for over
20% of the flow of the Sacramento River. Because discharge occurs at the same time
striped bass are spawning, early developmental stages could be adversely affected.
Toxicity studies conducted over a 3 year period consistently demonstrated acute
toxicity to striped bass larvae and to opossum shrimp (Neomysis mercedis), an
important food organism for juvenile striped bass. Acute toxicity was also
demonstrated with striped bass embryos. In addition, a model based on pesticide use
more effectively predicted striped bass recruitment during the period of decline
than did a model based on historically important river flows and delta diversions.
These studies indicate that agricultural return water should not be disregarded when
considering potential causes of the decline of striped bass.

Bailey, H. C., L. Deanovic, et al. (2000). "Diazinon and chlorpyrifos in urban
waEe;ways in northern cCalifornia, USA." Environmental Toxicology and Chemistry
19(1): 82-87.

Samples collected from urban streams in the cities of Sacramento and
Stockton, california, USA, during the precipitation season were analyzed for
diazinon and chlorpyrifos. Concentrations were determined with enzyme-Tinked
immunosorbent assays specific for each pesticide. Two hundred thirty-one samples
from the two cities were analyzed for diazinon; 85% exceeded California Department
of Fish and Game water-quality criteria for this pesticide. Chlorpyrifos was
measured in 90 of the samples collected from Sacramento and Stockton; 80% exceeded
the california Department of Fish and Game criterion for this pesticide. Thirty-six
of 47 samples (76.6%) tested for toxicity produced total mortality within 72 h with
Ceriodaphnia dubia. Toxicity identification evaluations on selected samples
confirmed that toxicity was primarily due to one or both of these pesticides. Uses
of diazinon and chlorpyrifos in urban areas include dormant sprays on fruit trees,
professional landscape and maintenance uses, and structural pest control. Pesticide
concentrations were lower in a catchment favoring commercial and industrial
activities compared with a catchment receiving largely residential inputs. Aerial
drift from agricultural applications may play a role in storm-water concentrations.

Baines, S. B., N. S. Fisher, et al. (2004). "Light dependence of selenium uptake by
phytop]ankton and 1mp11cat1ons for predicting selenium incorporation into food
webs." Limnology and Oceanography 49(2): 566-578.

The potentially toxic element selenium is first concentrated from solution
to a Targe but highly variable degree by algae and bacteria before being passed on
to consumers. The large loads of abiotic and detrital suspended particles often
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present in rivers and estuaries may obscure spatial and temporal patterns 1in Se
concentrations at the base of the food web. We used radiotracers to estimate uptake
of both selenite (Se(IVv)) and C by intact plankton communities at two sites in the
Sacramento/San Joaquin River Delta. Our goals were to determine (1) whether C and
Se(Iv) uptake were coupled, (2) the role of bacteria in Se(1IVv) uptake, and (3) the
Se:C uptake ratio of newly produced organic material. Se(IVv) uptake, Tike C uptake,
was strongly related to irradiance. The shapes of both relationships were very
similar except that at Teast 42-56% of Se(IV) uptake occurred in the dark, whereas C
uptake in the dark was negligible. of this dark Se(1Iv) uptake, 34-67% occurred in
the 0.2-1.0- mu m size fraction, indicating significant uptake by bacteria. In
addition to dark uptake, total Se(IVv) uptake consisted of a Tight-driven component
that was in fixed proportion to C uptake. Our estimates of daily areal Se(IV):C
uptake ratios agreed very well with particulate Se:C measured at a site dominated by
phytoplankton biomass. Estimates of bacterial Se:C were 2.4-13 times higher than for
the phytoplankton, suggesting that bacteriovores may be exposed to higher dietary Se
concentrations than herbivores.

Baines, S. B., N. S. Fisher, et al. (2002). "Assimilation and retention of selenium
and other trace elements from crustacean food by juvenile striped bass (Morone
saxatilis)." Limnology and Oceanography 47(3): 646-655.

Estimates of the assimilation and retention of trace elements from food by
fish are useful for Tlinking toxicity with the biogeochemical cycling of these
elements through aquatic food webs. Here we use pulse-chase radiotracer techniques
to estimate the assimilation and retention of Se and four trace metals, Ag, Am, Zn,
and cd, by 43- and 88-d-old juvenile striped bass, Morone saxatilis, from crustacean
food. Brine shrimp nauplii, Artemia franciscana, or adult copepods, Acartia tonsa,
were fed radiolabeled diatoms and then fed to juvenile striped bass. Assimilation
efficiencies (AEs plus or minus SD) for 43-d-old fish were 18 plus or minus 2%, 6
plus or minus 1%, 23 plus or minus 4%, 33 plus or minus 3%, and 23 plus or minus 2%
for Ag, Am, Cd, Se, and zn, respectively. For 88-d-old fish, the AEs were 28 plus or
minus 1%, 42 plus or minus 5%, and 40 plus or minus 5% for cd, Se, and zn,
respectively. The higher AEs in the older fish may result from longer gut passage
times for larger fish. The 44-d-old fish excreted 5 plus or minus 0.8%, 4 plus or
minus 2.0%, 7 plus or minus 0.3%, 9 plus or minus 0.4%, and 1.3 plus or minus 0.9%
of the Ag, Am, Ccd, Se, and zn, respectively, they ingested from food per day,
whereas the 88-d-old fish excreted 3 plus or minus 1.0%, 8 plus or minus 0.5%, and 3
plus or minus 0.5% of the assimilated cd, Se, and zn per day, respectively.
Predictions of steady state Se concentrations in juvenile striped bass tissues made
using a biokinetic model and the measured AE and efflux rates ranged from 1.8 to 3.0
mu g Se g super(-1) dry wt for muscle tissue and 6.8 to 11.6 mu g Se g super(-1) dry
wt for gut tissue. These predictions agreed well with average values of 2.1 and 13
mu g Se g super(-1) dry wt measured independently in North San Francisco Bay, where
elevated Se concentrations are of concern. The model results imply that the
planktonic food web, including juvenile striped bass, does not transfer Se as
efficiently to top consumers as does the benthic food web.

Baker, P. F., and J.E. Morhardt (2001). survival of chinook salmon smolts in the
Sacramento-San Joaquin Delta and Pacific Ocean. Contributions to the biology of
Central valley salmonids: Fish Bulletin 179. R. L. Brown. Sacramento, CA, State of
California, The Resources Agency, Department of Fish and Game. 2: 163-182.

This paper summarizes current knowledge about the effects of river flow and
water export on the survival of San Joaquin River Basin chinook salmon smolts
migrating through the Sacramento-San Joaquin Delta. As will become clear, there are
serious deficiencies in our understanding of the needs of smolts as they pass
through this region, but there is a general agreement that mortality can be high and
can probably be reduced by management actions. The potential for success of the
various alternatives remains speculative; something needs to be done, but it remains
unclear what will work best. For example, smolt survival is usually better at very
high (flood) flows than at very Tow flows, but there is Tittle solid information
about the potential for improved survival in the range that might be managed
regularly. Researchers have not really begun the search for optimal flows for smolt
survival; analyses to date offer, at best, only the qualitative guidance that
“higher” flows are “better” for salmon, without any indication of just how much
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better survival can be or should be. Similarly, although there 1is reason to believe
that strategically placed barriers should improve smolt survival, by keeping smolts
well away from the Delta export pumps; however, experiments to date have not been
able to demonstrate or refute the effectiveness of such barriers directly.

Baker, P. F., T. P. Speed, et al. (1995). "Estimating the influence of temperature
on the survival of chinook salmon smolts (Oncorhynchus tshawytscha) migrating
through the Sacramento-San Joaquin River delta of california." Canadian Journal of
Fisheries and Aquatic Sciences 52(4): 855-863.

Data from the U.S. Fish and wildlife Service are used to investigate the
relationship between water temperature and survival of hatchery-raised fall-run
chinook salmon (Oncorhynchus tshawytscha) smolts migrating through the Sacramento -
San Joaquin Delta of california. A formal statistical model is presented for the
release of smolts marked with coded-wire tags (CWTs) in the Tower Sacramento River
and the subsequent recovery of marked smolts in midwater trawls in the delta. This
model treats survival as a Tlogistic function of water temperature, and the release
and recovery of different CWT groups as independent mark-recapture experiments.
Iteratively reweighted Teast squares is used to fit the model to the data, and
simulation is used to establish confidence intervals for the fitted parameters. A
95% confidence interval for the upper incipient lethal temperature, inferred from
the trawl data by this method, is 23.01 plus or minus 1.08 degree C. This is in good
agreement with published experimental results obtained under controlled conditions
(24.3 plus or minus 0.1 and 25.1 plus or minus 0.1 degree C for chinook salmon
acclimatized to 10 and 20 degree C, respectively): this agreement has implications
for the applicability of laboratory findings to natural systems.

Baldocchi, D., M. Detto, J. Verfaillie, 0. Sonnentag, J. Hatal, and F. Anderson
(2010). Trials and tribulations on measuring greenhouse gas (carbon dioxide, methane
and water vapor) fluxes over a peatland pasture and rice paddy in the Sacramento-San
Joaquin Delta. 6th Biennial Bay-Delta Science Conference. Workshop presentation at
the Sacramento Convention Center, Sacramento, California.

New advances in laser spectrometers are enabling us to measure greenhouse
gas (methane, carbon dioxide, water vapor) fluxes directly and quasi-continuously
with the eddy covariance technique. we have been measuring methane, carbon dioxide
and water vapor fluxes for the past 3 years over a degraded peatland pasture on
Sherman Island and over a rice paddy on Twitchell Island the past year. These
measurements are enabling us to deduce rates of net and gross greenhouse gas
exchange that 1is occurring over drained and flooded peatlands in the Delta. However,
to avoid potential artifacts due to advection from upwind wetlands, ditches and/or
cows, we conducted a set of ancillary studies that help us interpret our flux
measurements. In this talk we report on our flux measurements. In summary we find
that the drained pasture is a small source of methane ( < 10 nmol m-2 s-1), a
moderate source of carbon dioxide and a steady source of water vapor (> 700 mm/y).
The episodic occurrence of cows in the flux footprint yields methane fluxes that
exceed 100 nmol m-2 s-1. In comparison, the rice paddy is a small source of methane
(5-15 nmol m-2 s-1), a net sink for C02 from the atmosphere (about 200 gC m-2 y-1)
and an strong source of water vapor (> 1000 mm/y).

Ball, M. D. (1975). chlorophyll Tevels in the Sacramento-San Joaquin Delta to San
Pablo Bay. Proceedings of a workshop on algae nutrient relationships in the'san
Francisco Bay and Delta'. R. L. Brown. San Francisco, The San Francisco Bay and
Estuarine Association.

Ball, M. D. (1987). Phytoplankton dynamics and planktonic chlorophyll trends in the
San Francisco Bay-Delta Estuary. Sacramento CA|, U.S. Bureau of Reclamation; Exhibit
No.103.

Ball, M. D. and J. F. Arthur (1979). Planktonic chlorophyll dynamics in the northern
San Francisco bay and delta. San Francisco Bay: the urbanized estuary. T. 3J.
conomos. San Francisco, Pacific Division, American Association for the Advancement
of Science: 265-285.
Diatoms were the dominant phytoplankters throughout the Sacramento-San
Joaquin Delta into San Pablo Bay during 1969 through 1977. Green algae seldom
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exceeded 20% of the total. Chlorophyll a concentrations seldom exceeded 6 pg-liter-1
at the most upstream station in the Sacramento River, the major water source to the
Delta, except during the 1977 drought when 40 upg-liter-1 was measured. Conversely,
peak summer chlorophyll concentrations entering the Delta from the San Joaquin River
were the highest (100-350 ug-liter-1 and were inversely related to riverflow. During
spring through fall, export pumping from the southern Delta caused a net flow
reversal in the lower San Joaquin River, drawing Sacramento River water across the
central Delta to the export pumps. The relatively deep channels and short water
residence time apparently resulted in the chlorophyll concentrations remaining low
from the northern Delta and in the cross-Delta flow to the pumps. Chlorophyll
concentrations in the shallower eastern Delta sloughs and channels were often quite
high and variable. western Delta spring blooms reached concentrations of 25-50
Mg-Titer-1. Spring blooms of 30-40 and summer blooms of 40-100 ug-liter-1 were
observed in Suisun Bay. The entrapment zone location adjacent to the shallows of
Suisun and Honker bays appears to increase the Suisun Bay phytoplankton standing
crop. Chlorophyll a concentrations in Suisun Marsh generally peaked to 40-100
Mg-liter-1 in the late spring except during 1977. Chlorophyll Tevels in central San
Pablo Bay seldom exceeded 6 pg-liter-1, although blooms as high as 40 upg-liter-1
were observed in the northern shallow portion of the Bay. Percent chlorophyll a (of
the total chlorophyll a plus the pheo-pigments) in near-surface water generally
varied from 50-80% during the spring-fall months throughout most of the study area.
Upstream of the entrapment zone, percent chlorophyll a near the bottom averaged
about 5% lower than that near the surface. Downstream of the entrapment zone,
percent chlorophyll a was as much as 40% lower near the bottom

Ball, M. D. and J. F. Arthur (1981). "Phytoplankton settling rates -- A major factor
in determining estuarine dominance." Estuaries 4(3).

Settling rates of the phytoplankton dominating the entrapmemnt zone
(turbidity maximum) in the upper San Francisco Bay-Delta Estuary were measured in
1980, using a special device designed to collect undisrupted samples. The data is
being used to develop a numerical multilayered phytoplankton model. Results
indicated the dominant species (Thalassiosira excentricus and Skeletonema costatum )
settle at 1.5 to 6 m per day with average rates about equal to calculated maximum
net upward vertical water velocities resulting from two Tayered flow circulation.
Maximum settling rates are associated with medium salinities and high concentrations
of suspended solids and chlorophylTl.

Baltz, D. M., P.B. Moyle, and N.J. Knight (1982). "Competitive interactions between
benthic stream fishes, riffle sculpin, Cottus gulosus, and speckled dace,
Rhggichthys osculus."”" Canadian Journal of Fisheries and Aquatic Sciences 39:
1502-1511.

Two morphologically dissimilar stream fishes occupied the same microhabitat
in different riffles of Deer Creek, Tehama County, cCalifornia. In a 12.5 km reach of
the creek, speckled dace (Rhinichthys osculus) dominated riffles at the lower end
while riffle sculpin (Cottus gulosus) dominated the riffles at the upper end, where
dace were confined to slower water. Between these sets of riffles, relative
abundances of the two species were negatively correlated. Routine metabolic rates of
sculpin 1increased rapidly with temperature and indicated that sculpins were unable
to tolerate temperatures in the low elevation riffles in the summer. Dace swimming
performance appeared to be adequate at Tow temperatures to permit them to occupy the
sculpin-dominated riffles. However, stream tank experiments indicated that at Tow
temperatures sculpin were able to displace dace from cover in high velocity water.
our analysis thus demonstrated that competitive interactions between dace and
sculpin for preferred microhabitat were mediated by temperature.

Baltz, D. M., and P.B. Moyle (1993). "Invasion resistance to introduced species by a
native assemblage of California stream fishes." Ecological Applications: a
pubTlication of the Ecological Society of America 3: 246-255.

Assemblages of native stream fishes in California show a remarkable ability
to resist invasion by introduced fishes as long as the streams are relatively
undisturbed by human activity. Previous studies had indicated a high degree of
spatial (microhabitat) segregation among the native fishes, which was confirmed by a
principal components analysis of microhabitat use data from Deer Creek, a tributary
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of the Sacramento River. A null modelling study using the same data set was
performed to see if competition was a major force structuring the assemblage,
because theoretical studies had indicated that a competitively structured assemblage
should be most able to resist invasions. The null models indicated that competition
was not the major structuring force, so it is Tikely the assemblages are structured
through a combination of morphological specialization (reflecting evolutionary
history), predation, and some competition. The assemblages resist invasion through
both environmental and biotic factors. Predation seems to be an especially important
biotic factor.

Baltz, D. M., P. B. Moyle, et al. (1982). "Competitive interactions between benthic
stream fishes, riffle sculpin, Cottus gulosus, and speckled dace, Rhinichthys
osculus." cCanadian Journal of Fisheries and Aquatic Sciences 39: 1502-1511.

Two morphologically dissimilar stream fishes occupied the same microhabitat
in different riffles of Deer Creek, Tehama County, California. In a 12.5 km reach of
the creek, speckled dace (R. osculus ) dominated riffles at the lower end while
riffle sculpin (C. gulosus ) dominated the riffles at the upper end, where dace were
confined to slower water. Between these sets of riffles, relative abundances of the
two species were negatively correlated. Routine metabolic rates of sculpin increased
rapidly with temperature and indicated that sculpins were unable to tolerate
temperatures in the low elevation riffles in the summer. Dace swimming performance
appeared to be adequate at Tow temperatures to permit them to occupy the
sculpin-dominated riffles. However, stream tank experiments indicated that at Tow
temperatures, sculpin were able to displace dace from cover in high velocity water.
The authors analysis thus demonstrated that competitive interactions between dace
and sculpin for preferred microhabitat were mediated by temperature.

Banks, H. T., L. W. Botsford, et al. (1989). Estimation of growth and survival in
size-structured cohort data: an application to larval striped bass (Morone
saxatilis). Davis, CA, Center for Applied Mathematics Technical Report; #89-10.

Banks, M., and D.P. Jacobson (2010). Progress in molecular discrimination among
California’s chinook salmon runs: contrasting microsatellites, clock-genes and SNPs.
6th Biennial Bay-Delta Science Conference. Workshop presentation at the Sacramento
Convention Center, Sacramento, California.

The application of DNA based markers towards the task of discriminating
among California’s Central valley runs has evolved in accord with ongoing genomic
developments. A host of innovations in this field has increasingly enabled us to
resolve which genetic markers associate with important 1ife history differences
among runs. Accuracy for identification of most 1likely source population encountered
at salvage or water monitoring facilities has far reaching consequences for
improving measures for Chinook management, restoration and conservation. We thus
continue to focus on developing new tools to provide the greatest statistical power
for run identification. In accord, improved methods for identification of threatened
or endangered stocks at sites where they might be at risk for loss allows water
policy measures to affect most prompt response to changes in encounter rates. As a
proof of concept for these claims, we conducted a blind test of over 500 known
origin Chinook to compare and contrast the ability of different molecular markers
(including microsatellites, clock-genes and single nucleotide polymorphisms (SNPs))
to correctly resolve the identity of these test samples. Pleasingly, we demonstrate
ghat ovega]] power continues to increase, while cost to run genetic assays has

ecreased.

Banks, M. A., B.A. Baldwin, and D. Hedgecock (1996). "Research on chinook salmon
(oncorhynchus tshawytscha) stock structure using microsatellite DNA." Bulletin of
National Research Institute of Aquaculture Supplement 2: 5-9.

Banks, M. A., M.S. Blouin, B.A. Baldwin, V.K. Rashbrook, H.A. Fitzgerald, S.Mm.
Blankenship, and D. Hedgecock (1999). "Isolation and inheritance of novel
microsatellites in chinook salmon (Oncorhynchus tshawytscha)." The Journal of
Heredity 90(2): 281-288.
we describe the isolation, PCR amplification, and characterization of 10 new
microsatellite loci (0ts-1-0ts-10) for the federally protected chinook salmon
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(oncorhynchus tschawytscha). we investigate the inheritance and linkage of these
Toci as well as a previously published locus, Oneul3, in families obtained from
artificial crosses. Mendelian transmission is confirmed for 76 of 80 segregations
observed. of the four deviations, two appear to have resulted from gametic
segregation distortion. The other two provide evidence for the existence of at least
one null allele. We also identify 'drop out' of large alleles in these two families
owing to competitive PCR amplification of smaller alleles. There is no evidence for
Tinkage between any pair of Toci. One mutation observed at Ots-2 is reported and
confirmed by DNA sequencing. We estimate the mutation rate of this Tocus to be 6.5 x
10-4 (95%) confidence interval 3.6 x 10-3 to 1.6 x 10-4, respectively).
Characterizing a mutant allele at Ots-2 offers the first step toward understanding
mutation rates for chinook microsatellites. Owing to their Mendelian inheritance,
these new loci provide reliable markers for high-resolution population genetics
studies of this species.

Banks, M. A., and W. Eichert (2000). "WHICHRUN (Version 3.2): a computer program for
population assignment of individuals based on multilocus genotype data." Journal of
Heredity 91(1): 87-89.

Banks, M. A., M. S. Blouin, et al. (1999). "Isolation and Inheritance of Novel
Microsatellites in Chinook Salmon (Oncorhynchus tschawytscha)." Journal of Heredity
90(2): 281-288.

we describe the isolation, PCR amplification, and characterization of 10 new
microsatellite loci (0ts-1-0ts-10) for the federally protected chinook salmon
(oncorhynchus tschawytscha). we investigate the inheritance and linkage of these
Toci as well as a previously published locus, One mu 13, in families obtained from
artificial crosses. Mendelian transmission is confirmed for 76 of 80 segregations
observed. of the four deviations, two appear to have resulted from gametic
segregation distortion. The other two provide evidence for the existence of at least
one null allele. We also identify "drop out" of large alleles in these two families
owing to competitive PCR amplification of smaller alleles. There is no evidence for
Tinkage between any pair of Toci. One mutation observed at Ots-2 is reported and
confirmed by DNA sequencing. wWe estimate the mutation rate at this Tocus to be 6.5 x
10 super(-4) (95% confidence interval 3.6 x 10 super(-3) to 1.6 x 10 super(-4),
respectively). Characterizing a mutant allele at Ots-2 offers the first step toward
understanding mutation rates for chinook microsatellites. Oowing to their Mendelian
inheritance, these new loci provide reliable markers for high-resolution population
genetics studies of this species.

Banks, M. A., V. K. Rashbrook, et al. (2000). "Analysis of microsatellite DNA
resolves genetic structure and diversity of chinook salmon (Oncorhychus tshawytscha)
in Sa]iggrnia's Central valley." cCanadian Journal of Fisheries and Aquatic Sciences
5: 915-927.

10 microsatellite DNA markers were used to assess genetic diversity within
and among the four runs (winter, spring, fall, and late fall) of chinook salmon
(oncorynchus tshawytscha) in california's Central valley. Forty-one population
samples are studied, comprising naturally spawning and hatchery stocks collected
from 1991 through 1997. Maximum likelihood methods are used to correct for kinship
in juvenile samples and run admixture in adult samples. Through simulation, the
relationship between sample size and number of alleles observed at polymorphic
microsatellite markers is determined. Most samples have random-mating equilibrium
proportions of single and multilocus genotypes. Temporal and spatial genetic
heterogeneity is minimal among samples within subpopulations. An F sub(ST) of 0.082
among subpopulations, however, indicates substantial divergence among runs. Thus,
with the exception of this discovery of two distinct lineages of spring run, genetic
structure accords with the diverse chinook 1ife histories seen in the Central valley
and provides a means for discrimination of protected populations.

Barnard, P. (2010). Anthropogenic influences on recent bathymetric change 1in
west-central San Francisco Bay and implications for beach sustainability. 6th
Biennial Bay-Delta Science Conference. workshop presentation at the Sacramento
convention Center, Sacramento, California.
From 1997 to 2008, west-central San Francisco Bay lost over 14 million cubic
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meters of sediment, the majority of which was located within aggregate mining lease
sites. The rate of sediment loss 1is nearly three times the rate determined from
bathymetric surveys spanning 1947 to 1979, indicating a rapid acceleration of
sediment Toss from the region during the Tast decade. As only 10% of the mapped
substrate is dominated by mud, and only 5% of the measured sediment loss is from
mud-dominated substrates, the majority of the sediment lost from west-central San
Francisco Bay was coarse sediment, material that would otherwise have been available
for transport to eroding, open-coast beaches. while it is difficult to establish the
precise contribution of the various potential anthropogenic influences to the
observed sediment Toss from 1997 to 2008 in west-central San Francisco Bay, the
timing, spatial distribution, and magnitude of sediment loss suggests a strong
correlation with sediment removal by aggregate mining activities. Sediment loss in
the entire San Francisco Bay Coastal System during the last half-century is
estimated at 240 million cubic meters, and most of this is believed to be coarse
sediment (i.e., sand and gravel) from Central Bay and the San Francisco Bar, which
is Tikely to 1imit the sand supply to adjacent, open-coast beaches. This hypothesis
is supported by a calibrated numerical model that indicates that there is a
potential net export of sand-sized sediment across the Golden Gate, suggesting that
a reduction in the supply of sand-sized sediment within west-central San Francisco
Bay will Timit transport to the outer coast. The massive loss of sediment from the
system, as a whole, is due to a combination of factors that include delta management
practices, in-bay dredging, and aggregate mining.

Barnard, P. L., D. M. Hanes, et al. (2006). "Giant sand waves at the mouth of San
Francisco Bay." EOS 87(29).

Barnett, R., and others (2008). water quality conditions in the Sacramento-San
Joaquin Delta and Suisun and San Pablo Bays during 2006. water Quality Conditions 1in
the Sacramento-San Joaquin Delta and Suisun and San Pablo Bays. Sacramento,
California Department of Water Resources: 169 pp.

Barnett-Johnson, R., P. weber, J.D. Wikert, T. Heyne, E. Vasquez, G. Whitman, and C.
Sinclair (2010). Do salmon hatchery ‘sources’ Tead to in-river ‘sinks’ 1in
conservation?: 1Implications for integrated hatchery management in California 6th
Biennial Bay-Delta Science Conference. workshop presentation at the Sacramento
convention Center, Sacramento, California.

Maintaining viable populations of salmon in the wild is a primary goal for
many recovery programs. The frequency and extent of connectivity among natal sources
defines the demographic and genetic boundaries of a population. Yet the role that
immigration of hatchery fish may play in altering population dynamics and fitness of
natural populations remains largely unquantified. Quantifying whether natural
populations are self-replenishing, function as sources (births > mortality; r > 1),
or potentially sinks (births < mortality; r < 1) 1is often limited by an inability to
determine how immigration and emigration influence population processes. In this
study we demonstrate that the natural spawning population of Chinook salmon
(oncorhynchus tshawytscha) on the Mokelumne River, California (USA) represents a
sink population. we retrieved sulfur isotopes (34S/32S) 1in adult cChinook salmon
otoliths (ear bones) using an ion microprobe that were deposited during their early
1ife history as juveniles to determine whether individuals were produced in
hatcheries or in the wild. our results show that only 10% = (6-20%; 95% confidence
interval (CI)) of adults spawning in the wild had otolith 534S values less than 8.5k
characteristic of naturally produced salmon. On a watershed Tevel, 97% + (88-98% CI)
of returning adults were determined to be of hatchery-origin. Results from our
cohort reconstruction indicate that the significant number of hatchery immigrants
contributes to the appearance of positive population growth in 9 of 12 years.
However, the in-river population would have declined (r=0.25) 1in the absence of
immigration from hatchery sources in all years (1992-2004). The results of this
study are compared to Integrated Hatchery Management criteria to evaluate the
natural population fitness handicap due to the influence of hatchery spawners. These
findings highlight the potential dangers in ignoring source-sink dynamics in
recovering natural populations, and question the extent to which natural salmon are
becoming replaced with hatchery fish.
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Barnum, D. A. and N. H. J. Euliss (1991). "Impacts of changing irrigation practices
on waterfowl habitat use in the southern San Joaquin valley, California, USA."
Ccalifornia Fish and Game 77(1): 10-21.

The authors used diurnal aerial census data to examine habitat use
patterns of ducks wintering in the southern San Joaquin valley, California from
1980-87. They calculated densities (birds/ha) for the northern pintail (Anas acuta
), mallard (A. platyrhynchos ), green-winged teal (A. crecca ), cinnamon teal (A.
cyanoptera ), shoveler (A. clypeata ), ruddy duck (Oxyura jamaicensis ), and total
ducks in each of 5 habitats. Densities of pintail and total ducks were greater in
September than in other months. From October through January, density of teal and
total ducks was greatest on Kern National wildlife Refuge (NWR). Densities of ruddy
duck and pintail were greatest on agricultural drainwater evaporation ponds and
preirrigated cropland, respectively.

Barrick, D., R. Cheng, et al. (2000). Toward bay/harbor circulation model
improvement incorporating HF radar data based on SeaSonde deployments on San
Francisco Bay. Where Marine Science and Technology Meet Oceans 2000 CD-ROM.
washington, D.C., Marine Technology Society.

Two High-Resolution SeaSonde HF radars were deployed on San Francisco Bay
during Summer 1999. Normal total vector map coverage was produced in the common
overlap area East of Tiburon, North of Golden Gate. we focus here on the important
Golden-Gate region with the highest flows, which was seen only by the radar on
Treasure Island. This is a case where perhaps single-site radial coverage is
adequate. The radar surface currents in this region are compared with the U.S.G.S.
TRIM2D vertically integrated circulation model outputs for the bay. The tidal
harmonic amplitudes compare favorably except at one location directly beneath Golden
Gate Bridge where flow through the mouth is the most constricted.

Barron, T. (1998). "Reducing metal discharges to south San Francisco Bay."
Environmental Regulation and Permitting 7(4): 67-79.

Copper in urban runoff and POTW discharges poses a problem for aquatic 1life
in South San Francisco Bay. Local business, government agencies, and citizen's
groups have worked together since the early 1990s to discover cost-effective ways of
reducing copper in wastewaters that come from industrial, residential, and other
sources. This article describes how three South Bay POTws successfully incorporated
specific pollution prevention measures into their wastewater discharge ordinances to
significantly decrease the amount of waste copper coming from industrial sources.

Bartholow, J., R. B. Hanna, et al. (2001). "Simulated Limnological Effects of the
Shasta Lake Temperature Control Device." Environmental Management 27(4): 609-626.

we estimated the effects of a temperature control device (TCD) on a suite of
thermodynamic and limnological attributes for a large storage reservoir, Shasta
Lake, in northern california. Shasta Dam was constructed in 1945 with a
fixed-elevation penstock. The TCD was installed in 1997 to improve downstream
temperatures for endangered salmonids by releasing epilimnetic waters in the
winter/spring and hypolimnetic waters in the summer/fall. we calibrated a
two-dimensional hydrodynamic reservoir water quality model, CE-QUAL-W2, and applied
a structured design-of-experiment simulation procedure to predict the principal
Timnological effects of the TCD under a variety of environmental scenarios.
Calibration goodness-of-fit ranged from good to poor depending on the constituent
simulated, with an R2 of 0.9 for water temperature but 0.3 for phytoplankton.
Although the chemical and thermal characteristics of the discharge changed markedly,
the reservoir's characteristics remained relatively unchanged. Simulations showed
the TCD causing an earlier onset and shorter duration of summer stratification, but
no dramatic affect on Shasta's nutrient composition. Peak in-reservoir phytoplankton
production may begin earlier and be stronger in the fall with the TCD, while outfall
phytoplankton concentrations may be much greater in the spring. Many model
predictions differed from our a priori expectations that had been shaped by an
intensive, but Timited-duration, data collection effort. Hydrologic and
meteorological variables, most notably reservoir carryover storage at the beginning
of the calendar year, influenced model predictions much more strongly than the TCD.
Model results indicate that greater control over reservoir limnology and release
quality may be gained by carefully managing reservoir volume through the year than
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with the TCD alone.

Bartholow, J. M. (2004). "Modeling Chinook Salmon with SALMOD on the Sacramento
River, california." Hydroecologie appliquee 14(1): 193-219.

Four races of Pacific salmon crowd the Sacramento River below a Tlarge
reservoir that prevents access to historical spawning grounds. Each race is keyed to
spawn at specific times through the year. A salmon population model was used to
estimate: (1) the effects that unique run timing, interacting with seasonal river
flows and water temperatures, have on each race; and (2) which habitats appeared to
be the most limiting for each race. The model appeared to perform well without
substantive calibration. Late fall, winter, and spring run Chinook do not appear to
have the same production potential as fall run Chinook even though fall run
production is more variable than that for the other three races. Spring fish have
the lowest production on average, and production appears to be declining through
time, perhaps making that race harder to recover should the population become more
depressed. Rearing habitat appears to be the factor most limiting production for ail
races, but water temperature is responsible for most year-to-year production
variation.

Baskerville-Bridges, B., J. C. Lindberg, et al. (2004). The Effect of Light
Intensity, Alga Concentration, and Prey Density on the Feeding Behavior of Delta
Smelt Larvae. Early Life History of Fishes in the San Francisco Estuary and
watershed. F. Feyrer, L. R. Brown, R. L. Brown and J. J. Orsi. Bethesda MD, American
Fisheries Society: 219-227.

Understanding how environmental factors influence first feeding success is
critical for the conservation-oriented larval culture of delta smelt Hypomesus
transpacificus, a threatened osmerid endemic to the San Francisco Estuary. We
investigated the effects of light intensity, alga concentration, and prey (rotifer)
density on feeding of cultured delta smelt larvae. In one experiment, first feeding
larvae were exposed to three light intensities (0.01, 0.3, and 1.9 mu moles times s
super(-1) times m super(-2)) and three alga concentrations (0, 0.5, and 2 x 10
super(6) cells/mL). Intestinal contents were examined to determine the incidence of
feeding and gut fillness. Maximum feeding responses (92% feeding; 4.8
rotifers/feeding larva in 2 h) were observed at the highest Tight intensity and alga
concentrations; feeding sharply declined with a reduction of either factor. A second
experiment was performed to study the effect of alga concentration (0, 1.5, 3, and 6
x 10 super(6) cells/mL) in more detail. Feeding responses were very low without
algae (13% feeding; 2.1 rotifers/feeding larva in 2 h), but dramatically increased
at high concentrations (83% feeding; 5.1 rotifers/feeding larvae in 2 h). In a third
experiment, the effect of prey (rotifer) density (0.1, 1, 10, and 100 rotifers/mL)
was tested, which significantly enhanced feeding up to the 10/mL treatment (84%
feeding; 4.2 rotifers/feeding larvae in 1 h). All three environmental factors
significantly affected feeding success of larval delta smelt. Optimization of these
factors has improved survival and growth during the sensitive larval period and has
improved laboratory culture of delta smelt.

Batzer, D. P., M. McGee, V.H. Resh, and R.R. Smith (1993). "Characteristics of
invertebrates consumed by mallards and prey response to wetland flooding schedules."
wetlands 13(1): 41-49.

we examined characteristics of the invertebrates consumed by mallards (Anas
platyrhynchos) and green-winged teals (Anas crecca) and responses of these
invertebrates to manipulations of flooding date in Suisun Marsh, Solano County, CA.
Numbers of Chironomus stigmaterus midge larvae (Chironomidae) and Eogammarus
confervicolus amphipods (Gammaridae) in mallard esophageal samples were positively
correlated with abundance of these invertebrates in wetlands. Mallards primarily
consumed large midge larvae (fourth instars) and amphipods (55 mm in length).
Smaller green-winged teals consumed smaller midges. Mallards consumed few
Trichocorixa verticalis water boatmen (Corixidae) or Cricotopus sylvestris midge
larvae, despite their being abundant. wetlands first flooded in early September had
higher winter populations of amphipods and Berosus ingeminatus beetle Tarvae
(Hydrophilidae) than wetlands first flooded in late October. Late-winter abundance
of benthic C. stigmaterus midge larvae was highest at 40-cm water depths in the
former habitats and at 20-cm depths in the latter habitats.
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Batzer, D. P., F. De Szalay, and V.H. Resh (1997). "Opportunistic response of a
benthic midge (Diptera: Chironomidae) to management of California seasonal
wetlands." Environmental Entomology 26(2): 215-222.

The effects of seasonal flooding on larvae of Chironomus stigmaterus Say
were studied in 12 managed wetlands of the Sacramento-San Joaquin River estuary,
California. Six pairs of wetlands were flooded artificially on 5 and 19 August; 2,
16, and 30 September; or 14 October 1991. oOne member of each wetland pair was
dominated by pickleweed, Salicornia virginica L., and the other by alkali bulrush,
Scirpus robustus Pursh. Densities of midge larvae were significantly higher in
wetlands flooded earlier than Tater. The numerical patterns exhibited by C.
stigmaterus populations suggest opportunistic responses. Midges thrived in habitats
1st flooded in August, yet such habitats would not naturally exist in the california
Mediterranean climate because the rainy season does not begin until Tate autumn.
Although this midge probably evolved in freshwater habitats, it readily colonized
habitats dominated by pickleweed, a salt marsh plant. Populations of the beetle
Berosus ingeminatus d'Orchymont also were higher in pickleweed than in alkali
bulrush habitats; these predators appeared to affect midge populations in pickleweed
wetlands during autumn. Because C. stigmaterus larvae are an important food resource
for dabbling ducks, their opportunistic response to the artificial conditions 1in
California seasonal wetlands has benefits in terms of waterfowl management.

Batzer, D. P., M. McGee, et al. (1993). "Characteristics of invertebrates consumed
by mallards and prey response to wetland flooding schedules."” wetlands 13(1): 41-49.

The authors examined characteristics of the invertebrates consumed by
mallards (Anas platyrhynchos ) and green-winged teals (Anas crecca ) and responses
of these invertebrates to manipulations of flooding date in Suisun Marsh, Solano
County, CA. Numbers of Chironomus stigmaterus midge Tarvae (Chironomidae) and
Eogammarus confervicolus amphipods (Gammaridae) in mallard esophageal samples were
positively correlated with abundance of these invertebrates in wetlands. Mallards
primarily consumed large midge Tarvae (fourth instars) and amphipods (> 5 mm in
length). Smaller green-winged teals consumed smaller midges. Mallards consumed few
Trichocorixa verticalis water boatmen (Corixidae) or Cricotopus sylvestris midge
larvae, despite their being abundant. wetlands first flooded in early September had
higher winter populations of amphipods and Berosus ingeminatus beetle Tarvae
(Hydrophilidae) than wetlands first flooded in late October. Late-winter abundance
of benthic C. stigmaterus midge larvae was highest at 40-cm water depths in the
former habitats and at 20-cm depths in the latter habitats.

Bauer, B. 0., M. S. Lorang, et al. (2002). "Estimating Boat-wake-Induced Levee
Erosion using Sediment Suspension Measurements." Journal of waterway, Port, Coastal
and Ocean Engineering 128(4): 152-162.

The subaqueous portion of a levee bank in the Sacramento - San Joaquin River
Delta of central cCalifornia was instrumented to quantify the impact of
boat-generated waves. Typical erosion rates associated with recreational craft are
too small for direct measurement of bank retreat on a per-boat-passage basis;
therefore, two independent analytical methods of estimating Tinear erosion were
developed based on colocated suspended sediment concentration and velocity time
series. The algorithms were tested using data measured during a field experiment 1in
which a 7.5 m boat was driven past the site over a range of speeds to generate waves
of varying size. A cross-shore array of electromagnetic current meters and optical
back-scatterance sensors measured the character of boat-generated waves and the
resultant sediment suspension. In near-bank, shallow-water (d < 0.5 m) locations,
sediment suspension was closely correlated with the primary boat-wake waves (H
sub(max) < 0.21 m), indicating that maximum near-bottom orbital velocities were
sufficient to erode the fine-grained (mud-silt) bottom materials. Suspension events
were short 1lived (order of 1-5 min), despite very long particle settling times
(order of hours), because river currents swept the suspension plumes downstream.
This impTlies negligible sedimentation and resuspension locally. Both algorithms
produced strikingly similar erosion estimates, and these values (0.01-0.22 mm/boat
passage) compare favorably with direct measurements of cumulative bank erosion in
response to multiple, sequential boat passages. Field conditions for which the
algorithms are appropriately applied are discussed.
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Baxa, D. V., I. Flores, et al. (2010). Microcystis in the San Francisco Estuary:
Abundance of toxic and nontoxic strains, initial establishment of laboratory
cultures, and localization in fish exposed to blooms and spiked diets. 6th Biennial
Bay-Delta Science Conference. Workshop presentation at Sacramento Convention Center,
Sacramento, California.

Microcystin (MC) Tevels in the San Francisco Estuary (SFE) - Delta, produced
mainly by recurring Microcystis aeruginosa, are theoretically governed by two key
mechanisms in the ecosystem: regulating the abundance of toxic strains, and
regulating microcystin (MC) production from toxin-producing strains. Two studies
were initiated to address these assumptions. First, the abundance of MC-producing
(toxic) and Mc-Tacking (nontoxic) Microcystis were determined during the bloom
season in the SFE in 2007. The proportion of toxic and nontoxic Microcystis across
sites and stages of bloom development in the estuary was assessed by qPCR that we
developed based on local Microcystis strains. Second, pilot studies are in progress
to generate mass cultures of Tocal Microcystis species. Establishing Taboratory
cultures is central to evaluating the role of key environmental factors on the
growth, survival, and MC production of local Microcystis strains. Initial results on
abundance of toxic and nontoxic strains of Microcystis cultures from the estuary
will be described. Lastly, retrospective analyses of key species in the Delta such
as delta smelt and striped bass previously exposed to blooms in 2005 were initiated
to determine the fate of Microcystis among these fish. In parallel, biological
effects of Microcystis on threadfin shad and Sacramento splittail were examined by
feeding Microcystis-spiked diets in the laboratory. Using DNA probes specific to
Jocal Microcystis and specific antibodies to MC-LR, localization of Microcystis and
MCs were analyzed by in situ hybridization and immunohistochemistry, respectively
among fish exposed in the field and in the laboratory. Monitoring blooms using qPCR
can reveal trends in the sources and magnitude of toxic and nontoxic Microcystis in
the estuary. As such, rapid risk assessment and strategies can be designed to manage
the adverse effects of cyanobacterial blooms to the ecosystem and its %ishery
resources. Forthcoming evaluation of manipulated physicochemical stressors using
Microcystis cultures will provide the knowledge to predict conditions that will
enhance or decrease MC synthesis. Fish exposed to blooms and Microcystis-spiked
diets demonstrated the bioaccumulation of MCs in high trophic Tevels and that
Microcystis uptake can be mediated through their zooplankton prey. These results
will Tlay the groundwork for future studies designed to address how zooplankton and
other primary food resources of larval pelagic fish will respond to expanding
Microcystis blooms.

Baxa, D. V., T. Kurobe, et al. (2010). "Estimating the abundance of toxic
Microcystis in the San Francisco Estuary using quantitative real-time PCR.
Algae 9(3): 342-349

Developing an effective and rapid method to identify and estimate the
abundance of Microcystis is warranted in the San Francisco Estuary (SFE) in view of
expanding cyanobacterial blooms dominated by Microcystis spp. Blooms that occurred
in the estuary from July to September 2007 were initially assessed using a standard
polymerase chain reaction (PCR) employing primers designed for the conserved
Microcystis-specific 16S ribosomal DNA (rbNA) region. The presence of
microcystin-producing (MC+) toxic Microcystis was observed in cyanobacterial and
water samples as shown by the amplification of the MC toxin synthetase genes mcyB
and mcyD by standard PCR. The goal of this study was to develop a real-time
guantitative PCR (gPCR) based on the 16S rDNA and mcyD gene sequences of Microcystis
found in the SFE to quantify the proportion of toxic Microcystis with mcyD genes
among total Microcystis or cyanobacterial population. Cyanobacterial samples
collected by diagonal net tows of the water column showed that the ratio of gene
copies was dominant for Microcystis among cyanobacteria (28-96%), and Microcystis
carrying mcyD genes formed 0.4-20% of the total Microcystis spp. Total Microcystis
was also abundant (7.7 x 104 to 9.9 x 10A7 cells L-1) in ambient surface waters, and
the range of Microcystis cell equivalents with mcyD genes (4.1 x 102 to 2.2 x 107
cells L-1) indicated a Targe variation in the ratio of toxic Microcystis among total
Microcystis (0.01-27%). Differences in the proportion of toxic and nontoxic
Microcystis, as deduced from the cell equivalents of total Microcystis, were
observed across the sampling locations and seasons where concentrations of total MCs

Page 29

Harmful



130705 IEP BibTiography.txt
(0.007-10.81 ug/L) also varied. By revealing trends in the sources and magnitude of
toxic and nontoxic Microcystis, gPCR can contribute to rapid risk assessment and
prediction of strategies designed to manage the adverse effects of cyanobacterial
blooms in the SFE.

Baxter, R. (1999). "status of Sacramento splittail in california."” california Fish

and Game 85: 28-30.

Baxter, R. (2010). Are juvenile Tongfin smelt abandoning the Suisun Bay
neighborhood?... the rest of the story. 6th Biennial Bay-Delta Science Conference.
workshop presentation at the Sacramento Convention Center, Sacramento, California.

The longfin smelt is one of four pelagic fish species whose abundance
declined sharply after 2001 and has generally remained low since based on Fall
Midwater Trawl Survey sampling. These fish declines and associated changes in the
upper estuary food web became known as the Pelagic Organism Decline (POD). Before
the POD decline and after the establishment of Corbula amurensis, longfin smelt
shifted their distribution toward higher salinity water during summer and fall and
away from Suisun Bay. I examine this distribution shift in more detail and whether
such a shift could partially explained some of the declining abundance during the
POD years, as would be the case if a larger fraction of the population inhabited
regions outside the Fall Midwater Trawl Survey sampling area. I also provide
evidence of a recent increase in the age structure of spawners and conjecture
regarding how this shift came about, its potential Tink to a shift in distribution
and its effect on total fecundity.

Baxter, R., R. Breuer, et al. (2008). Pelagic Organism Decline Progress Report: 2007
Synthesis of Results. Sacramento, Interagency Ecological Program for the san
Francisco Estuary.

Baxter, R., K. Hieb, et al. (1999). Report on the 1980-1995 fish, shrimp, and crab
sampling in the San Francisco Estuary, California. Sacramento, CA, Interagency
Ecological Program for the Sacramento-San Joaquin Estuary.

The San Francisco Estuary is the largest estuary on the west coast of North
America. Located somewhat more than halfway up the california coast from the Mexican
border, it is the natural exit point of 4% of California's freshwater outflow. This
water is a prized commodity in California, sought after by farmers for food
production, municipalities for people and industries, and environmentalists for the
rich, but in some cases threatened, fish and invertebrate resources of the estuary.
To capture the water for human needs, dams, aqueducts, canals, and pumpingts have
been constructed to pump water out of the estuary and transport it to the San
Francisco Bay area, the San Joaquin valley, and southern california. These human
alterations affect the 1ife of the estuary by reducing the freshwater flow that
creates the estuary. Freshwater flowing seaward, mixing with ocean water, creates
habitats that attract coastal fish to spawn, while providing low salinity habitat
for the rearing of their young. Other fish, such as salmon, detect the scents of
their home rivers in the freshwater outflow and enter the estuary on their spawning
migrations. Still other fish and many open water and bottom crustaceans and
shellfish reside in the brackish water regions all their Tives. california's 2
largest rivers, the Sacramento and the San Joaquin, merge to form the estuary. They
drain part of the Sierra Nevada and Cascade mountains and form a large and
convoluted delta in the Central valley. The delta consists of about 1,100 km of
river channels and sloughs that cover an area of about 3,000 km super(2) and drain
into Suisun Bay on the edge of the low mountains of the Coast Range. A 100-m deep
ship channel runs along the south side of Suisun Bay. To its north are extensive
shoals. west of Suisun Bay the deep trough of Carquinez Strait breaches the Coast
Range and connects Suisun Bay with the much larger San Pablo Bay. Most of San Pablo
Bay 1is a broad shoal, only the ship channel on its south-eastern side provides deep
water. San Francisco Bay 1is the Tast of the bays and empties into the Pacific Ocean
through the Golden Gate. Its small northern quarter is termed Central Bay. Although
small, it is the deepest of the bays with shoals confined mainly to its eastern
side. The long southeast leg of San Francisco Bay is called South Bay. It has a
central channel that narrows southwards and broad shoals on either side of the
channel.
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Baxter, R., M. L. Nobriga, et al. (2010). The protected?, the bad, and the ugly: use
of a coupled hydrodynamic-particle tracking model & 3 Years of low outflow hydrology
to evaluate entrainment risk for longfin smelt larvae in the Delta. IEP 2010 Annual
workshop. workshop presentation at the california State University, Sacramento,
Ssacramento, CA.

Beach, D., T. Yu, and C. Kitting (2010). Growth rates of eelgrass (Zostera marina)
in San Francisco Bay and Tomales Bay, and associated animal population densities.
6th Biennial Bay-Delta Science Conference. Poster paper presented at the Sacramento
Convention Center, Sacramento, California.

Highest population densities of epibenthic macroinvertebrate animals are
associated with dense cover in one of the most productive ecosystems on earth,
seagrass meadows. Seagrasses are a valuable commodity, providing numerous important
ecosystem services including being prolific primary producers, serving as a nursery
for valuable fisheries and a food resource for thousands of fish, bird, and
invertebrate species. In addition, they moderate currents and wave action protecting
coasts from erosion, and also sequester a vast amount of carbon. Being flowering
plants, seagrasses require bright 1ight for photosynthesis but human activities
inadvertently are decreasing light availability, diminishing seagrass habitats. By
determining light Timits for optimum growth conditions can be improved, thus
allowing seagrass to provide its wide variety of services. San Francisco Bay is 40
times Targer than Tomales Bay yet has only 1/3 the total seagrass cover, possibly
due to a heavy pollutant load and murkier water compared to Tomales Bay.
Historically, Tomales Bay has been quite pristine with clear, relatively unpolluted
water; these conditions would provide the much-needed bright 1light for seagrass
growth. Associated invertebrate animal population densities also are hypothesized to
be higher in Tomales Bay due to its vast amount of seagrass meadows and lack of
pollutants. During winter through spring, 2009-2010, we monitored growth rates of
eelgrass (Zostera marina), the predominant seagrass in San Francisco Bay and Tomales
Bay, in different local environments representing a variety of Tight conditions. we
also monitored associated invertebrate populations there. Surprisingly, detectably
higher growth rates of eelgrass, and somewhat higher eelgrass animal diversities,
occurred in San Francisco Bay compared with Tomales Bay. Our upcoming, proposed
comparisons of historical data at such sites might detect why San Francisco Bay
often has high eelgrass growth rates and invertebrate abundances.

Beck, N. G., K. W. Bruland, et al. (2002). "short-term biogeochemical influence of a
diatom bloom on the nutrient and trace metal concentrations in South San Francisco
bay microcosm experiments." Estuaries 25: 1063-1076.

Two laboratory microcosm experiments were conducted to mimic an annual
spring diatom bloom in South San Francisco Bay by isolating the phytoplankton
community from the benthic grazing pressure to induce a phytoplankton bloom. The
purpose of these experiments was to isolate the impact of a spring diatom bloom on
the nutrient and trace metal geochemical cycling. Microcosms were created in 2.5 L
incubation bottles and subjected to one of 4 treatments (control, copper [Cu]
addition, manganese [Mn] addition, and both Cu and Mn addition) to investigate the
toxicity of Cu on the resident plankton and the potential antagonistic effects of Mn
on reducing Cu toxicity. Dissolved macronutrient (nitrate + nitrite, phosphate, and
silicate), and dissolved and particulate trace metal (Cu, Ni, Mn) concentrations
were monitored in the grow-out incubations on a daily basis. Chlorophyll a
concentrations were also monitored over the course of the experiment and used to
calculate diatom-specific growth rates. In the experiments containing ambient South
San Francisco Bay surface waters, average specific growth rates were on the order of
1.1 d(-1). The induced diatom blooms resulted in significant removal of
macronutrients from the microcosms over the course of the experiments. our research
supports previous suggestions that dissolved Ni and Cu concentrations in South San
Francisco Bay have a very Tow biological availability as a result of organic
chelation. Ni(EDTA)(2-) has been found to be the dominant dissolved Ni species by
other researchers and Cu speciation analyses from this study and others indicate
that > 99% of the dissolved Cu in South San Francisco Bay is strongly chelated as
CuLl. The free cupric ion concentration was on the order of 10(-12) M. Marked
removal of dissolved Mn was observed in the control treatments, well exceeding

Page 31



130705 IEP BibTiography.txt
expected dissolved Mn removal by diatom uptake. Additions of 375 nM Cu resulted in
the complete titration of the chelating ligand (L-1) concentrations. The elevated
[Cu2+] (approximate to 10(-8) M) appeared to have a toxic effect on the diatom
community observed in the significant decreases in their specific growth rates (mu =
0.4 d(-1)). The suppression of dissolved Mn removal from solution was also observed
in treatments spiked with high levels of dissolved Cu, providing support that Mn
precipitation was due to biologically mediated oxidation not phytoplankton
assimilation. The observed geochemical behavior in the concurrent Cu and Mn addition
treatments provide evidence in support of Mn alleviation of Cu toxicity. The
biological role in the ambient short-term biogeochemical cycling of Cu and Ni 1in
South San Francisco Bay appears to be minimal due to the inert character of the
organic ligand-metal complexes. A significant portion of the annual macronutrient
and Mn cycling occurs as a result of spring diatom blooms in South San Francisco
Bay.

Beggel, S., R. Connon, et al. (2011). "cChanges 1in gene transcription and whole
organism responses in larval fathead minnow (Pimephales promelas) following
short-term exposure to the synthetic pyrethroid bifenthrin." Aquatic Toxicology
105(1-2): 180-188.

Beggel, S., I. werner, et al. (2010). "sublethal toxicity of commercial insecticide
formulations and their active ingredients to Tarval fathead minnow (Pimephales
promelas) " Science of The Total Environment 408(16): 3169-3175.

Toxic effect concentrations of insecticides are generally determined using
the technical grade or pure active ingredient. Commercial insecticide formulations,
however, contain a significant proportion (> 90%) of so-called 1inert ingredients,
which may alter the toxicity of the active ingredient(s). This study compares the
sublethal toxicity of two insecticides, the pyrethroid bifenthrin, and the
phenylpyrazole fipronil, to their commercial formulations, Talstar® and Termidor®.
Both insecticides are used for Tandscape treatment and structural pest control, and
can be transported into surface water bodies via stormwater and irrigation runoff.
we used Tarval fathead minnow (Pimephales promelas), to determine effects on growth
and swimming performance after short-term (24 h) exposure to sublethal
concentrations of pure insecticides and the respective formulations. Significantly
enhanced 7 d growth was observed at 10% of the 24 h LC10 (53 pug L-1) fipronil.
Sswimming performance was significantly impaired at 20% of the 24 h LC10 (0.14 ug
L-1) of bifenthrin and 10% of the 24 h LC10 of Talstar® (0.03 ug L-1). Fipronil and
Termidor® led to a significant impairment of swimming performance at 142 pg L-1 and
148 pg L-1 respectively, with more pronounced effects for the formulation. our data
shows that based on dissolved concentrations both formulations were more toxic than
the pure active ingredients, suggesting that increased toxicity due to inert
ingredients should be considered in risk assessments and regulation of insecticides.

Beissinger, S., P. Girard, J.Y. Takekawa, and L. Hall (2010). Connectivity within
and between Black Rail metapopulations in the Bay-Delta and Sierra Foothills:
Implications for persisting under rising sea-levels. 6th Biennial Bay-Delta Science
Conference. Poster paper presented at the Sacramento Convention Center, Sacramento,
California.

whether Bay-Delta wetland species persist as sea-levels rise in response to
climate warming will depend on the degree that existing wetland size and
distribution change and the ability of species to disperse to newly created sites.
while many wetland birds are strong-fliers, the state-threatened Black Rail is
1ikely a poor disperser because it flies weakly, has a highly disjunct distribution,
and lives its entire Tife under dense marsh vegetation. We used mitochondrial and
microsatellite markers to determine the species’ status in California, and to
evaluate levels of connectivity within and among Bay-Delta metapopulations. Analyses
of individuals from the recently discovered metapopulation in the Sierra Nevada
Foothills, and those in San Francisco Bay and Imperial valley suggest a historical
presence of the species in the Foothills. Foothills birds, while connected by
migration to its nearest known population in San Francisco Bay, are comprised of
individuals with a unique genetic composition and perhaps different dispersal
behaviour. Mitochondrial DNA and microsatellite composition were similar between the
Foothills and SF Bay populations but both areas have diverged strongly from the
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Imperial valley population. SF Bay had greater genetic diversity but an estimated
effective population size that was similar to the Foothills population. Random
mating was indicated by genotypic frequencies in the Foothills but Tocal
substructure among marshes and inbreeding depression were detected in SF Bay,
suggesting less dispersal among the larger but more isolated sites in this
metapopulation. Both SF Bay and the Foothills show departure from mutation-drift
equilibrium in accordance with historic population declines. while our results
should be considered pre11m1nary, they suggest how new studies may_be useful for
understanding the species’ capacity to respond to future seas-level change in
Bay-Delta and how the creation of stepping-stone wetlands through current
restoration processes could contribute to persistence.

Benigno, G. M., and T.R. Sommer (2008). "Just add water: sources of chironomid drift
in a large river floodplain." Hydrobiologia 600: 297-305.

Although seasonal floodplains represent one of the most dynamic and
productive of aquatic ecosystems, the sources of this productivity are poorly
understood. we examined composition and sources of chironomid drift in the Yolo
Bypass, the primary floodplain of the Sacramento River. we found that invertebrate
drift during winter floodplain inundation is dominated by a single species, the
newly identified chironomid Hydrobaenus saetheri (Diptera: Chironomidae). In order
to determine sources of chironomids in the Yolo Bypass, invertebrates were sampled
from several potential sources prior to and during initial floodplain inundation.
Rehydration of dried floodplain sediments from several Tocations showed that H.
saetheri dominated insect emergence from this colonization pathway. By contrast, H.
saetheri was not a substantial component of inundated floodplain ponds or of
tributary inputs to the floodplain. wWe conclude that the initial pulse of
invertebrate abundance in Yolo Bypass floodwaters is dominated by chironomid
emergence from sediments in multiple regions of the floodplain.

Benigno, G. M., T.R. Sommer, and N. van Ark (2010). Effects of a restored freshwater
tidal wetland complex on habitat for imperiled native fish. IEP 2010 Annual
workshop. workshop presentation at the cCalifornia State University, Sacramento,
Sacramento, CA.

Benigno, G. M., T.R. Sommer, and N. van Ark (2010). Effects of a restored freshwater
tidal wetland complex on pelagic habitat for imperiled native fish. 6th Biennial
Bay-Delta Science Conference. Workshop presentation at the Sacramento Convention
Center, Sacramento, California.

The recent collapse of pelagic fish populations in the Sacramento-San
Joaquin Delta has led to increased interest in habitat restoration. Successful tidal
wetland restoration has occurred naturally in the northern Delta at Liberty Island,
where a Tevee breach inundated the island in 1998 and a highly productive tidal
freshwater wetland has developed. Liberty Island and its surrounding sloughs, known
as the cache STough Complex, are now considered key habitat for endangered native
fish species. The Cache Slough Complex is a priority area for future habitat
restoration efforts to protect and enhance native delta fishes. In order to develop
a baseline understanding of the system, this study examines the hydrodynamic
“footprint” of Liberty Island in the Cache Slough complex. Continuous monitoring of
flow, temperature, turbidity, and salinity is coupled with quarterly sampling of
biological resources over spring and neap tidal cycles. We report seasonal diel
patterns in phytoplankton and zooplankton abundance from Liberty Island and
surrounding sloughs. Chlorophyll concentration is higher in western sloughs than in
the main channels of the Cache Slough Complex. Zzooplankton abundance exhibits tidal
and seasonal patterns, and overall abundance is high compared with other freshwater
regions of the delta. understanding the patterns of hydrodynamics and productivity
is important to describe the habitat of pelagic fishes including delta smelt, and
will help to identify and plan future restoration projects in the region.

Bennett, W. A., D.A. Ostrach, and D.E. Hinton. (1995). "Larval striped bass
condition in a drought-stricken estuary: evaluating pelagic food-web Timitation."
Ecological Applications 5(3): 680-692.
Estuarine food webs are frequently altered by human interventions, including
freshwater diversions, toxic compounds, and introduced species. From 1988 through
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1991 we examined the external morphological and internal histopathologic condition
of Tarval striped bass (Morone saxatilis) to evaluate the potential importance of
starvation to fish recruitment in the San Francisco Bay estuary. During a recent
drought (1987-1992), fish populations declined markedly, concurrent with dramatic
reductions in phytoplankton and zooplankton food for Tarval fishes. Such patterns
suggest pelagic food is Timited during times of Tow freshwater input; therefore,
larval starvation may Timit recruitment. However, toxic compounds in agricultural
runoff are also less diluted in low-outflow years, enhancing their potential impact.
Histopathology enabled us to identify their possible effects. In the Taboratory,
indices of larval morphology and eye and liver tissue condition reflected starvation
after 2 d of food deprivation. From 1988 through 1991 >90% of 980 field-caught
specimens were classified morphologically as feeding larvae. Histopathological
evaluation indicated that all field-caught specimens (N = 500) had food in their
guts and Tacked tissue alterations consistent with starvation. However, Tliver
alterations consistent with toxic exposure were seen in 26-30% of the field-caught
Tarvae from 1988 through 1990, dropping to 15% in 1991. while our findings implicate
toxic exposure as a factor in the relationship between low freshwater input and poor
year-class success of striped bass, reductions of toxic runoff and improvement in
larval Tiver condition in 1991 did not improve larval survival. This suggests the
potentially greater importance of interactions with food Timitation and predation as
well as the futility of pursuing single-factor explanations for recruitment failure.
The potential obfuscation of food 1limitation by toxic exposure also indicates the
need for interdisciplinary approaches to distinguishing anthropogenic intervention
from estuarine food-web processes.

Bennett, W. A., and P. B. Moyle. (1996). where have all the fishes gone?
Interactive factors producing fish declines in the Sacramento San Joaquin Estuary.
San Francisco Bay: The urbanized estuary. J. T. Hollibaugh. San Francisco, CA,
American Association for the Advancement of Science: 519-542.

Bennett, W. A., W.J. Kimmerer, and J.R. Burau. (2002). "Plasticity 1in vertical
migration by native and exotic estuarine fishes in a dynamic low-salinity zone."
Limnology and Oceanography 47(5): 1496-1507.

We investigated the degree of flexibility in retention strategies of young
fishes in the Tow-salinity zone (LSZ) of the San Francisco Estuary during years of
highly variable river flow. We conducted depth-stratified sampling over three full
tidal cycles in each year from 1994 to 1996. In 1994, exotic striped bass (Morone
saxatilis), native longfin smelt (Spirinchus thaleichthys), and exotic yellowfin
goby (Acanthogobus flavimanus) migrated tidally, occurring near the surface on flood
tides and near the bottom on ebb tides. This strategy may have facilitated
retention, because landward residual currents were absent in this drought year.
During 1995, this behavior persisted for striped bass and yellowfin goby, even
though Tandward residual currents were present under high river-flow conditions. In
moderate river-flow conditions (1996), longfin smelt again migrated tidally, whereas
at another station adjacent to shallow bays, Tongfin smelt, striped bass, and native
delta smelt (Hypomesus transpacificus) migrated on a reverse diel cycle, occurring
near the surface by day and at depth by night. Reverse diel migration may facilitate
horizontal transport and retention. Therefore, young fishes appeared to be
behaviorally flexible in different environmental conditions to maximize retention.
Vertical migrations may also enhance feeding success because zooplankton prey
similarly migrated in the LSzZ. our study underscores the value of interdisciplinary
studies in a variety of environmental conditions to decipher the range of organism
behaviors promoting transport and retention in optimal habitats.

Bennett, W. A. (2005). "Critical assessment of the delta smelt population in the San
Francisco Estuary, California." San Francisco Estuary and watershed Science 3(2):
Issue 2 Article 1.

The delta smelt (Hypomesus transpacificus) is a small and relatively obscure
fish that has recently
risen to become a major focus of environmental concern in California. It was
formally abundant in the
Jow-salinity and freshwater habitats of the northeastern San Francisco Estuary, but
is now Tisted as
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threatened under the Federal and California State Endangered Species Acts. In the
decade following
the listings scientific understanding has increased substantially, yet several key
aspects of its biology
and ecological relationships within the highly urbanized estuary remain uncertain. A
key area of controversy
centers on impacts to delta smelt associated with exporting large volumes of
freshwater from
the estuary to supply cCalifornia’s significant agricultural and urban water demands.
The lack of appropriate
daga, however, impedes efforts to resolve these issues and develop sound management
an
restoration alternatives.
Delta smelt has an unusual 1life history strategy relative to many fishes. Some
aspects of its biology are
similar to other coastal fishes, particularly salmonids. Smelts in the genus,
Hypomesus, occur throughout
the Pacific Rim, have variable T1ife history strategies, and are able to adapt
rapidly to local environments.
By comparison, delta smelt has a tiny geographic range being confined to a thin
margin of Tow
salinity habitat in the estuary. It primarily lives only a year, has relatively low
fecundity, and pelagic Tlarvae;
1ife history attributes that are unusual when compared with many fishes worldwide. A
small proportion
of delta smelt lives two years. These individuals are relatively highly fecund but
are so few in
number that their reproductive contribution only may be of benefit to the population
after years of
extremely poor spawning success and survival. Provisioning of reproductive effort by
these older fish
may reflect a bet-hedging tactic to insure population persistence.
overall, the population persists by maximizing growth, survival, and reproductive
success onh an
annual basis despite an array of limiting factors that can occur at specific times
and locations. variability
in spawning success and larval survival is induced by climate and other
environmental and anthropogenic
chﬁors that operate between winter and mid-summer. However, spawning microhabitats
wit
egg deposition have not been discovered. Spawning success appears to be timed to
Tunar periods
within a water temperature range of about 15 to 20°C. Longer spawning seasons in
cooler years can
produce more cohorts and on average higher numbers of adult delta smelt. Cohorts
spaced in time
have different probabilities of encountering various sources of mortality, including
entrainment in freshwater
export operations, pulses of toxic pesticides, food shortages and predation by
exotic species.
Density dependence may provide an upper 1limit on the numbers of juvenile delta smelt
surviving to the
adult stage. This may occur during late summer in years when juvenile abundance is
high relative to
habitat carrying capacity. Factors defining the carrying capacity for juvenile delta
smelt are unknown,
but may include a shrinking volume of physically suitable habitat combined with a
high density of competing
planktivorous fishes during late summer and fall.

Bennett, W. A., and P.B. Moyle (2010). Application of dynamic regime theory to
sssess the extent of estuarine ecosystem change: oh, you don't know, the shape I'm
in. 6th Biennial Bay-Delta Science Conference. workshop presentation at the
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Sacramento Convention Center, Sacramento, California.

The concept of regime change or1g1nated separately_in oceanography and in
ecological theory. Ideological and logistical differences led to a focus 1in
oceanography on identifying associations and breakpoints among time series, 1i.e.
correlations; whereas, a more process-based perspective developed 1in eco1ogy due to
opportunities for manipulative studies, e.g. in lakes, and developments in
population and system modeling. To aid in unifying these two conceptual lineages,
and better assess the human role in estuarine change, we evaluated the extent to
which dynamic regime changes have occurred in the San Francisco Estuary and Delta.
we focus our evaluation at various regional and whole-system scales, using a variety
of Tong-term data sets extending back to the 1970s. First we examine relative
changes in various ecosystem constituents in phase space to explore patterns 1in
dynamic behavior consistent with a regime shift, and then apply two techniques
designed to detect "leading indicators" of a pend1ng regime shift; i.e. evidence for
the sTowing down of system dynamics. Our results provide robust support for a regime
shift occurring in the Delta region in about 2000-2001. Although Tess evidence was
observed for similar shifts in other regions or across the entire estuary, the
Tikelihood of future regime shifts was bolstered by evidence for leading indicators
of change in near-by regions such as Suisun Marsh. overall, this study underscores
the fundamental nature of ecosystems as continuously changing, which in highly human
altered systems is almost always irreversible. Thus, Delta policies relying on
historical abundances as baselines, or targets for restoration of desired species
have 1little relevance in this new regime. Ongoing efforts to restore or rehabilitate
nhative species are likely to fail without carefully targeted and prolonged
investments to reestablish habitat conditions that reflect the 1life history
characteristics of native and desirable fishes.

Bennett, W. A. (2010). should I stay or should I go? tides, turbidity and triggers
for Delta Smelt migration. IEP 2010 Annual workshop. workshop presentation at the
California State University, Sacramento, Sacramento, CA.

Bennett, W. A., S.J. Teh, and J.A. Hobbs (2010). what really happened to delta
smelt? water exports and habitat conditions drive patterns of selective mortality at
ecological and possibly evolutionary scales. 6th Biennial Bay-Delta Science
Conference. workshop presentation at the Sacramento Convention Center, Sacramento,
California.

Decades of research attest to the futility of "silver bullet" explanations
for the collapse of fish populations. Multiple interactive factors typically act
subtly in systematic or stochastic ways to reduce survival of individuals before an
effect is observed on the population. Moreover, if mortality from human or natural
sources repeatedly affects certain individuals over multiple generations, it can
drive evolution. We addressed these issues by implementing an approach for
quantifying age and growth (from otoliths), with indicators of poor feeding success
and exposure to toxic chemicals, (from 1iver and gonad histopathology),
individual delta smelt caught during routine monitoring. Multiple measurements were
made on about 1,500 individuals from 1999-2007, the period of decline. we evaluated
patterns in size selective mortality among years, while controlling for temperature
effects on growth, with the relative influences of environmental conditions
(freshwater outflow) and human activities (toxic exposure, water export operations)
using nonlinear mixed models. Before the decline (1999-2001) individuals surviving
to the adult stage (in December) were generally larger at hatching, or had higher
than average growth rates, and were spawned in early spring. However, after the
decline (2005-2007), patterns of selective mortality were more complex and generally
opposite. The few early-spawned adult survivors initially grew slower, but then
faster than average after mid-summer, and the mean size of adults also declined.
Although these patterns are consistent with adverse effects on early spawned larvae
by water export operations, a possible evolutionary effect may be confounded by the
overall deterioration of summer habitat conditions that also occurred over time.
overall, our findings have significant implications for management of water export
operations, because this interactive sequence of human and natural factors Tikely
played a significant role in the decline of delta smelt.

Bennett, W. A., W. J. Kimmerer, et al. (2002). "Plasticity in vertical migration by
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native and exotic estuarine fishes in a dynamic low-salinity zone.
Oceanography 47: 1496-1507.

we investigated the degree of flexibility in retention strategies of young
fishes in the Tow-salinity zone (LSZ) of the San Francisco Estuary during years of
highly variable river flow. We conducted depth-stratified sampling over three full
tidal cycles in each year from 1994 to 1996. In 1994, exotic striped bass (Morone
saxatilis), native longfin smelt (Spirinchus thaleichthys), and exotic yellowfin
goby (Acanthogobus flavimanus) migrated tidally, occurring near the surface on flood
tides and near the bottom on ebb tides. This strategy may have facilitated
retention, because landward residual currents were absent in this drought year.
During 1995, this behavior persisted for striped bass and yellowfin goby, even
though Tandward residual currents were present under high river-flow conditions. In
moderate river-flow conditions (1996), longfin smelt again migrated tidally, whereas
at another station adjacent to shallow bays, Tongfin smelt, striped bass, and native
delta smelt (Hypomesus transpacificus) migrated on a reverse diel cycle, occurring
near the surface by day and at depth by night. Reverse diel migration may facilitate
horizontal transport and retention. Therefore, young fishes appeared to be
behaviorally flexible in different environmental conditions to maximize retention.
Vertical migrations may also enhance feeding success because zooplankton prey
similarly migrated in the LSzZ. our study underscores the value of interdisciplinary
studies in a variety of environmental conditions to decipher the range of organism
behaviors promoting transport and retention in optimal habitats.

Limnology and

Bennett, W. A. and P. B. Moyle (1996). where have all the fishes gone? Interactive
factors producing fish declines in the Sacramento-San Joaquin Estuary. San Francisco
Bay: The Ecosystem. J. T. Hollibaugh. San Francisco, AAAS: 519-542.

Bennett, W. A., D. J. Ostrach, et al. (1995). "Larval striped bass condition in a
drought-stricken estuary: evaluating pelagic food-web Timitation." Ecological
Applications 5: 680-692.

Estuarine food webs are frequently altered by human interventions, including
freshwater diversions, toxic compounds, and introduced species. From 1988 through
1991 we examined the external morphological and internal histopathologic condition
of Tarval striped bass (Morone saxatilis) to evaluate the potential importance of
starvation to fish recruitment in the San Francisco Bay estuary. During a recent
drought (1987-1992), fish populations declined markedly, concurrent with dramatic
reductions in phytoplankton and zooplankton food for Tarval fishes. Such patterns
suggest pelagic food is Timited during times of Tow freshwater input; therefore,
larval starvation may Timit recruitment. However, toxic compounds in agricultural
runoff are also less diluted in low-outflow years, enhancing their potential impact.
Histopathology enabled us to identify their possible effects. In the Taboratory,
indices of larval morphology and eye and liver tissue condition reflected starvation
after 2 d of food deprivation. From 1988 through 1991 >90% of 980 field-caught
specimens were classified morphologically as feeding larvae. Histopathological
evaluation indicated that all field-caught specimens (N = 500) had food in their
guts and Tacked tissue alterations consistent with starvation. However, Tliver
alterations consistent with toxic exposure were seen in 26-30% of the field-caught
Tarvae from 1988 through 1990, dropping to 15% in 1991. while our findings implicate
toxic exposure as a factor in the relationship between low freshwater input and poor
year-class success of striped bass, reductions of toxic runoff and improvement in
larval Tiver condition in 1991 did not improve larval survival. This suggests the
potentially greater importance of interactions with food Timitation and predation as
well as the futility of pursuing single-factor explanations for recruitment failure.
The potential obfuscation of food limitation by toxic exposure also indicates the
need for interdisciplinary approaches to distinguishing anthropogenic intervention
from estuarine food-web processes.

Benville, P., J. whipple, et al. (1985). "Acute toxicity of seven alicyclic hexanes
to striped bass, Morone saxatilis, and bay shrimp, Crangon fransicorum, 1in
seawater." california Fish and Game 71: 132-140.

Studies were concerned with the acute toxicities of the simplest alicyclics
in comparison to their counterparts in the aromatic series. The alicyclic compounds
were cyclohexane, methylcyclohexane and four dimethylcyclohexanes (1,1; 1,2; 1,3;
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and 1,4). Acute toxicities after 24 and 96 h exposures to seven alicyclic hexanes
were determined for striped bass and one of their major food organisms, the bay
shrimp, Crangon franciscorum . The 96 h LC sub(50)s for striped bass and bay shrimp
ranged from 3.2 to 9.3 mu 1/1 and from 1.0 to 6.2 mu 1/1, respectively. Solubilities
of these alicyclics in seawater and freshwater were determined since information 1in
the literature was limited. Solubility was inversely related to the complexity of
the alicyclic structure and ranged from 5.3 to 62 mu 1/1 in distilled water and from
4.6 to 44 mu 1/1 in seawater. Alicyclics were generally more soluble in distilled
water than in seawater.

Bergamaschi, B., J. Fleck, B. D. Downing, E. Boss, B.Pellerin, N. Ganju, D.
Schoellhamer, w. Heim, M. Stephenson, and R. Fujii (2011). " Methyl mercury dynamics
in a tidal wetland quantified using in situ optical measurements.”" Limnology and
Oceanography 56(doi: 10.4319/10.2011.56.4.0000): 17.

a) Tidal wetlands are significant sources of methylmercury mercury
b) simple, economic methods can be used to monitor the flux of methylmercury in
tidal systems
c) Wetland restorations should be designed to minimize export of methylmercury to
the estuary

Bergamaschi, B., J. Fleck, B. Downing, E. Boss, B.Pellerin, N. Ganju, D.
SchoelThamer, A. Byington, W. Heim, M. Stephenson, and R. Fujii (2012). "Mercury
Dynamics in a San Francisco Estuary Tidal Wetland: Assessing Dynamics Using In Situ
Measurements." Estuaries and Coasts 35: 13.

wWe used high-resolution in situ measurements of turbidity and fluorescent
dissolved organic matter (FDOM) to quantitatively estimate the tidally driven
exchange of mercury (Hg) between the waters of the San Francisco estuary and Browns
Island, a tidal wetland. Turbidity and FDOM-representative of particle-associated
and filter-passing Hg, respectively—-together predicted 94 % of the observed
variability in measured total mercury concentration in unfiltered water samples
(UTHg) collected during a single tidal cycle 1in spring, fall, and winter, 2005-2006.
Continuous in situ turbidity and FDOM data spanning at least a full spring-neap
period were used to generate UTHg concentration time series using this relationship,
and then combined with water discharge measurements to calculate Hg fluxes in each
season. Wetlands are generally considered to be sinks for sediment and associated
mercury. However, during the three periods of monitoring, Browns Island wetland did
not appreciably accumulate Hg. Instead, gradual tidally driven export of UTHg from
the wetland offset the large episodic on-island fluxes associated with high wind
events. Exports were highest during large spring tides, when ebbing waters
relatively enriched in FDOM, dissolved organic carbon (DOC), and filter-passing
mercury drained from the marsh into the open waters of the estuary. On-island flux
of UTHg, which was Targely particle-associated, was highest during strong winds
coincident with flood tides. oOur results demonstrate that processes driving UTHg
fluxes in tidal wetlands encompass both the dissolved and particulate phases and
$#1tip1e timescales, necessitating longer term monitoring to adequately quantify

uxes.

Bergamaschi, B. A., B. Pellerin, B. Downing, T. Kraus, J.F. Saraceno, J. Fleck, 1J.
Shanley, G. Aiken, E. Boss, and R. Fujii (2010). Seeing the Tight: Applications of
in situ optical measurements for understanding water quality in rivers, deltas, and
estuaries. 6th Biennial Bay-Delta Science Conference. workshop presentation at the
Sacramento Convention Center, Sacramento, California.

A critical challenge for understanding and quantifying the causes and
environmental impacts of degraded water quality is making measurements at the time
scales in which changes occur in aquatic systems. Traditional approaches for data
collection (daily to monthly discrete sampling) are often limited by analytical and
field costs, site access, and Togistical challenges particularly for Tong-term
sampling at a large number of sites. In situ optical instrumentation offers an
opportunity to help overcome these difficulties. The ability to make optical
measurements in situ has been around for more than 50 years, but much of the work on
in situ absorbance and fluorescence using commercially-available instruments has
taken place in only the last few years. We present several examples that highlight
the application of in situ measurements for understanding dynamics in river and
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estuary systems at intervals of minutes to hours, including the Sacramento Delta and
San Joaquin River. Examples illustrate the utility of in situ optical sensors for
studies over short-duration events of days to weeks (diurnal cycles, tidal cycles,
storm events and snowmelt periods) as well as Tonger-term continuous monitoring for
months to years. We also highlight the application of in situ optical measurements
as proxies for constituents that are significantly more difficult and expensive to
measure at high frequencies (e.g. methylmercury, trihalomethanes, harmful algal
blooms). Relatively simple absorbance and fluorescence measurements made in situ
could be incorporated into short and Tong-term ecological research and monitoring
programs, resulting in advanced understanding of sources that contribute to water
quality improvements or degradation, contaminant and carbon cycling, the occurrence
and persistence of harmful algal blooms.

Bergamaschi, B. A., K. M. Kuivila, et al. (2001). "Pesticides associated with
suspended sediments entering San Francisco Bay following the first major storm of
water Year 1996." Estuaries 24: 368-380.

Estuaries receive large quantities of suspended sediments following the
first major storm of the water year. The first-flush events transport the majority
of suspended sediments in any given year, and because of their relative freshness in
the hydrologic system, these sediments may carry a significant amount of the
sediment-associated pesticide load transported into estuaries. To characterize
sediment-associated pesticides during a first-flush event, water and suspended
sediment samples were collected at the head of the San Francisco Bay during the peak
in suspended sediment concentration that followed the first major storm of the 1996
hydrologic year. Samples were analyzed for a variety of parameters as well as 19
pesticides and degradation products that span a wide range of hydrophobicity. Tidal
mixing at the head of the estuary mixed relatively fresh suspended sediment
transported down the rivers with suspended sediments in estuary waters. Segregation
of the samples into groups with similar degrees of mixing between river and estuary
water revealed that transport of suspended sediments from the Sacramento-San Joaquin
drainage basin strongly influenced the concentration and distribution of
sediment-associated pesticides entering the San Francisco Bay. The Tless-mixed
suspended sediment contained a different distribution of pesticides than the
sediments exposed to greater mixing. Temporal trends were evident in pesticide
content after samples were segregated according to mixing history. These results
indicate sampling strategies that collect at a low frequency or do not compare
samples with similar mixing histories will not elucidate basin processes. Despite
the considerable influence of mixing, a large number of pesticides were found
associated with the suspended sediments. Few pesticides were found in the concurrent
water samples and in concentrations much lower than predicted from equilibrium
partitioning between the aqueous and sedimentary phases. The observed
sediment-associated pesticide concentrations may reflect disequilibria between
sedimentary and aqueous phases resulting from Tong equilibration times at locations
where pesticides were applied, and relatively short transit times over which
re-equilibration may occur.

Bernstein, B. B., B. E. Thompson, et al. (1993). "A COMBINED SCIENCE AND MANAGEMENT
FFSlAME\é\IORK FOR DEVELOPING REGIONAL MONITORING OBJECTIVES." Coastal Management 21(3):
185-195.

Designing environmental monitoring programs to deal with widespread, subtle,
and/or cumulative impacts on a regional basis is challenging. It requires a shift
away from focusing primarily on individual point sources to a more regional
perspective. It also necessitates involving scientists and managers together in a
cooperative effort to establish priorities and articulate clear objectives. In our
view, this objective-setting task is neither a strictly scientific nor a strictly
management activity. It depends on effective communication between scientists and
managers but is confounded by differing perspectives, value systems, and behaviors.
we present a conceptual framework to assist managers and scientists in this process.
This is intended to structure such communication by helping to create a context that
permits fruitful give-and-take between the two groups. We then describe a six-part
model for specifying the key elements of regional monitoring objectives.

Bessinger, B., T. Cooke, et al. (2006). "A kinetic model of copper cycling in San
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Francisco Bay." San Francisco Estuary and watershed Science 4(1): [np].

A two-dimensional, depth-averaged kinetic model of copper cycling was
developed for the San Francisco Bay estuary. Adsorption and desorption reaction rate
constants were determined from experimental sorption experiments. To calibrate the
model, processes related to aqueous speciation were included. The model was used to
predict spatial and seasonal trends in the adsorption and desorption of copper.
Model predictions show that copper is continually being re-partitioned between
sediment and water. Re-partitioning is prevalent near tributary and anthropogenic
sources. It also occurs between segments of the bay, in response to differences 1in
salinity and the availability of organic ligands dissolved in the water. In areas of
restricted circulation such as the South Bay, copper adsorbed onto settling
particles during wet season storm events acts as a source to the water column during
the dry season. The relative contribution of resuspended benthic sediment to
dissolved copper concentrations is highly variable in the bay. In the North Bay,
dissolved copper is principally introduced from the San Joaquin-Sacramento Delta. In
the South and Tower South bays, desorption from sediment during the dry season may
contribute as much as 20% of the total mass input of dissolved copper. Improvement
of water quality can be achieved by reducing loads; however, changes are predicted
to take years.

Bigham, K., and S. Foss (2010). San Francisco Bay survey of non-indigenous aquatic
species. 6th Biennial Bay-Delta Science Conference. Poster paper presented at the
Sacramento Convention Center, Sacramento, California.

The office of Spill Prevention and Response’s (OSPR) Marine Invasive Species
Program is an effort to control the introduction of non-native species into
California’s coastal waters. The initial phase involved both field collections and a
Titerature review which resulted in creation of the California Aquatic Non-native
organism Database (CANOD) that includes information on all known non-indigenous
species in the marine and estuarine waters of the state. CANOD can be found on the
internet at http://www.dfg.ca.gov/ospr. In 2005, we conducted field surveys in San
Francisco Bay and are re-sampling the same site in 2010. At each sampling site,
multiple habitats were surveyed, including a variety of natural habitat types, such
as rocky points, sandy beaches and muddy soft bottom, as well as submerged and
floating man-made structures. Species were characterized as non-native, cryptogenic
(not enough information to unambiguously determine if they are introduced or native)
or unresolved (not identified to species level). Survey results that will be
presented will include: 1) the total number of species (or taxa) identified as
non-native, native, cryptogenic, and unresolved; 2) a comparison of species found 1in
our survey to those found in past surveys; 3) geographical distribution of
non-native species; 4) distribution of non-natives by habitat type; and 5) the most
common potential pathways of introduction. We will discuss ongoing surveys,
research, and analyses of marine aquatic non-native species in California conducted
or sponsored by OSPR’s Marine Invasive Species Program.

Black, M. (1994). "Recounting a century of failed fishery policy toward california's
Sacramento River salmon and steelhead." Conservation Biology: the journal of the
Society for Conservation Biology 8(3): 892-894.

Black, M. (1995). "Tragic remedies: A century of failed fishery policy on
California's Sacramento River." Pacific Historical Review LXIV 1: 37-70.

Black, M. (2001). shasta salmon salvage efforts: Coleman National Fish Hatchery on
Battle Creek, 1895-1992. Contributions to the biology of Central valley salmonids:

Fish Bulletin 179. R. L. Brown. Sacramento, CA, State of cCalifornia, The Resources

Agency, Department of Fish and Game. 2: 177-268.

Blair, G., and B. Mitchell (2010). Evaluating consequences of unscreened diversions
on population performance of Butte Creek spring-run Chinook salmon. 6th Biennial
Bay-Delta Science Conference. Workshop presentation at the Sacramento Convention
Center, Sacramento, California.

At present there are more than 3,000 unscreened water diversions in the
Central valley of california. The enormous expense to screen all of these diversions
because of a perceived threat to ESA-listed salmon viability makes this solution
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impractical. An alternative approach is to evaluate priorities for screening based
on their consequences to population abundance and productivity. wWe describe a
modeTling approach that evaluated 50 small, unscreened pump diversions and three
large, unscreened gravity diversions in lower Butte Creek for their effect on Butte
Creek spring-run Chinook salmon. This population is the largest self-sustaining
natural population of spring-run Chinook in the Central valley. we modeled the
complete 1ife history of Butte Creek spring-run Chinook under a variety of water
year types and screening alternatives. The model incorporates an assessment of fish
entrainment losses at individual diversions based on several physical, operational,
and biological factors affecting entrainment risk. Also included in the model were
environmental attributes affecting Chinook survival throughout their freshwater
residence (juveniles and adults). Monthly entrainment losses at individual
diversions ranged from less than 0.1% for small pumps to 4.6% for gravity
diversions. Potential entrainment losses were highest in the spring of dry and
critically dry years because of increased irrigation demands and temporal overlap in
diversion and juvenile emigration seasons. Life history modeling suggests that
screening all diversions would increase adult abundance by 3% in wet and average
water years and 9-10% in dry and critically dry years. The results supported a
recommendation to screen a subset of diversions in combination with an integrated
flow management and operations agreement among water users.

Bland, R., and K. Crow (2010). Mating call of the plainfin midshipman as an
indicator of stress due to anthropogenic noise and other environmental factors. 6th
Biennial Bay-Delta Science Conference. workshop presentation at the Sacramento
Convention Center, Sacramento, California.

The plainfin midshipman (Porichthys notatus) is a common finfish in the
Eastern North Pacific. Parental males move to estuaries to form mating aggregations
to attract females with low-frequency, Tong-duration acoustic calling produced by
rubbing specialized muscles against the swimbladder. we have analyzed acoustic
recordings from a hydrophone deployed from the Romberg Tiburon Center research pier
in the north San Francisco Bay. Strong signals from singing midshipman are detected
during summer months, and sound from passing ships is easily identified. Since the
frequency band of ship sound overlaps that of midshipman singing, we propose to
determine if masking of singing by ship sound alters midshipman mating behavior. Wwe
have studied the intensity, frequency and other features of this humming to
determine possible relationships to environmental factors such as water temperature,
chemical contaminants in the water, and anthropogenic underwater sound. we find that
the diel pattern of midshipman humming is approximately complimentary to the diel
distribution of shipping noise, with the midshipmen humming principally at night
when shipping traffic is at a minimum. This results indicate that the night-time
humming of the midshipman may be a response to the presence of shipping noise during
the day, which masks the humming and makes mating more difficult. It may be possible
to use this behavioral response to measure the loss of time for mating or other
behavioral metrics as a function of the level of shipping traffic. These metrics can
be used in management of shipping noise. 1In addition, we have observed a sharp
increase in humming in response to heavy rainfall, which may be due to the presence
of chemicals in runoff. Understanding these issues surrounding the survival of
native species will help to preserve biodiversity in the Bay-Delta estuary.

Blankenship, S. M., D. Hedgecock, and B. P. May (2002). "Evolution of a perfect
simple-sequence-repeat locus in the context of its flanking sequence." Molecular
Biology and Evolution 19(11): 9.

Microsatellites, which have rapidly become the preferred markers 1in
population genetics, reliably assign individual chinook salmon to the winter, fall,
late-fall, or spring chinook runs in the Sacramento River in California’s Central
valley (Banks et al. 2000. Can. J. Fish. Aquat. Sci. 57:915-927). A substantial
proportion of this discriminatory power comes from Ots-2, a simple CA repeat, which
is expected to evolve rapidly under the stepwise mutation model. we have sequenced a
300-bp region around this Tocus and typed 668 microsatellite-flanking sequence
haplotypes to explore further the basis of this microsatellite divergence. Three
sites of nucleotide polymorphism in the 0Ots-2 flanking sequence define five
haplotypes that are shared by the californian and Canadian populations. The 0Ots-2
microsatellite alleles are nonrandomly distributed among these five haplotypes in a
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pattern of gametic disequilibrium that is also shared among populations. Divergence
between the winter run and other Central valley stocks appears to be caused by a
combination of surprisingly static evolution at Ots-2 within a context of more
rapidly changing haplotype frequencies.

Blaser, S., F. wilkerson, and A. Parker (2010). Effect of Diuron and Imazapyr
herbicides on phytoplankton in the San Francisco Estuary. 6th Biennial Bay-Delta
Science Conference. Poster paper presented at the Sacramento Convention Center,
Sacramento, California.

Herbicides have the potential to negatively affect marine and aquatic
ecosystems as they are mobilized through precipitation and other factors from the
Tand into the watershed. Diuron is an herbicide of concern in the northern San
Francisco Estuary (SFE) because it is heavily used for both agricultural and urban
land, is toxic, and persistent in the environment. Despite its known presence in the
SFE, little is known about its potential impact on phytoplankton communities.
Another herbicide in use in the SFE 1is Imazapyr, which is applied to manage invasive
plants. Imazapyr is not currently monitored in the SFE, nor is much understood about
potential unintended consequences of Imazapyr to phytoplankton. Experiments were
conducted to empirically determine the impact of increasing concentrations of Diuron
or Imazapyr on primary production, nitrogen uptake, and community composition of
natural phytoplankton assemblages collected in the SFE. Results show that primary
production was reduced with Diuron concentrations as low as 1 ug/L; these
concentrations fall within the range of Diuron concentrations that have been
previously reported for the northern SFE and Delta. Phytoplankton nitrogen uptake
was reduced much the same as carbon uptake. Increasing concentrations of Imazapyr
resulted in decreased production during chronic (lTong term) exposure at high
Imazapyr concentrations (5 mg/L) with Timited impact during acute (immediate) tests.
These findings provide evidence that herbicides may reduce primary production and
shape phytoplankton communities in the food-limited SFE. For future ecosystem
sustainability, the impact of land-applied herbicides on water column food webs
needs to be considered.

Blum, M. J., K. Jun Bando, et al. (2007). "Geographic structure, genetic diversity
%gd sgggge tracking of Spartina alterniflora."” Journal of Biogeography 34(12):
55- .

Aim To examine the distribution and structure of genetic variation among
native Spartina alterniflora and to characterize the evolutionary mechanisms
underlying the success of non-native S. alterniflora. Location Intertidal marshes
along the Atlantic, Gulf and Pacific coasts of North America. Methods amova,
parsimony analysis, haplotype networks of chloroplast DNA (cpDNA) sequences,
neighbour-joining analysis, Bayesian analysis of population structure, and
individual assignment testing were used. Results Low Tevels of gene flow and
geographic patterns of genetic variation were found among native S. alterniflora
from the Atlantic and Gulf coasts of North America. The distribution of cpDNA
haplotypes indicates that Atlantic coast S. alterniflora are subdivided into
'northern' and 'southern' groups. Vvariation observed at microsatellite loci further
suggests that mid-Atlantic S. alterniflora are differentiated from S. alterniflora
found in southern Atlantic and New England coastal marshes. Comparisons between
hative populations on the Atlantic and Gulf coasts and non-native Pacific coast
populations substantiate prior studies demonstrating reciprocal interspecific
hybridization in San Francisco Bay. Our results corroborate historical evidence that
S. alterniflora was introduced into willapa Bay from multiple source populations.
However, we found that some wWillapa Bay S. alterniflora are genetically divergent
from putative sources, probably as a result of admixture following secondary contact
among previously allopatric native populations. We further recovered evidence 1in
support of models suggesting that S. alterniflora has secondarily spread within
washington State, from willapa Bay to Grays Harbor. Main conclusions Underlying
genetic structure has often been cited as a factor contributing to ecological
variation of native S. alterniflora. Patterns of genetic structure within native S.
alterniflora may be the result of environmental differences among biogeographical
provinces, of migration barriers, or of responses to historical conditions.
Interactions among these factors, rather than one single factor, may best explain
the distribution of genetic variation among native S. alterniflora. Comprehensive
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genetic comparisons of native and introduced populations can illustrate how
biological invasions may result from dramatically different underlying factors -
some of which might otherwise go unrecognized. Demonstrating that invasions can
result from several independent or interacting mechanisms 1is important for improving
risk assessment and future forecasting. Further research on S. alterniflora not only
may clarify what forces structure native populations, but also may improve the
management of non-native populations by enabling post-introduction genetic changes
and the rapid evolution of life-history traits to be more successfully exploited.

Bochdansky, A. B. and S. M. Bollens (2004). "Relevant scales in zooplankton ecology:
Distribution, feeding, and reproduction of the copepod <i>Acartia hudsonica</i> 1in
response to thin layers of the diatom <i>Skeletonema costatum</i>." Limnology and
Oceanography 49(3): 625-636.

wWe investigated the interaction of the copepod Acartia hudsonica in relation
to thin layers of the diatom Skeletonema costatum. Thin layers have recently
received much attention, since they are common and persistent features in the water
column, often overlooked by traditional sampling methods. Their frequent abundance
in coastal oceans and the high biomass associated with them has led to the
assumption that they are important grazing sites of calanoid copepods. we employed
2-m tall tower tanks that allowed us to simulate thin Tayers. Three variables
representative of three time scales were considered: the distribution of copepods in
the tanks (time scale of minutes), fecal pellet production as a proxy for ingestion
rate (time scale of hours), and egg production rate (time scale of >12 h). A.
hudsonica responded significantly but very little to the thin Tayers in terms of
their distribution. Given a choice, there was a slightly higher tendency to swim
through a patch of diatoms than to swim around it. Fecal pellet production was
sTightly Tower in the thin-Tayer treatments than in the homogeneous controls. Egg
production was not influenced by differential distribution of diatoms in the tanks,
which indicated that the copepods dealt equally well with patchy food as when the
same numbers of cells were available in a homogeneous distribution. Time series
experiments showed that ingested carbon is integrated over time scales of >12 h.
Therefore, small scale fluctuations of food in space and time do not necessarily
translate into small-scale fluctuations in reproductive output.

Bochdansky, A. B. and S. M. Bollens (2009). "Thin layer formation during runaway
stratification in the tidally dynamic San Francisco Estuary." Journal of Plankton
Research 31(11): 1385-1390.

During the course of a year, we repeatedly collected high-resolution
vertical fluorometer data timed to coincide with a specific state during the tidal
cycle. The time (end of the ebb during neap tide) and the location (a deep channel
half-way between the Golden Gate and the point of tidally averaged bottom salinity
of 2 psu) were chosen with the goal to observe runaway stratification. we
consistently found at Teast one pronounced chlorophyll peak in the water column;
however, the vertical location of these peaks varied within three types including
surface, bottom and subsurface maxima. our results showed that heterogeneity of
chlorophyll in the water column and thin layer formation do occur in systems that
are characterized by high tidal flow speeds thus resulting in patchy prey fields for
zooplankton that migrate in tidal cycles through the water column. Using these
chlorophyll profiles, approximate calculations suggested that only during the spring
phytoplankton bloom did all layers of the water column provide sufficient food for
maximum egg production of the San Francisco Estuary copepod Acartia sp.

Bodensteiner, S., S. LaMothe, H. Pleiss, S. Leskie, and I. Bruce (2010).
Environmental impacts and regulatory implications of the apparent expulsion of the
hydraulic mining era pulse of mercury Taden sediment from San Francisco Bay. 6th
Biennial Bay-Delta Science Conference. workshop presentation at the Sacramento
Convention Center, Sacramento, California.

over several decades, a significant reduction in the sediment load entering
San Francisco Bay from the Delta and its major river tributaries has spurred an
increase in the resuspension of the Bay’s erodible sediment pool allowing suspended
sediment concentrations to maintain equilibrium. Recently published data (NOAA 2009)
suggest that the erodible sediment pool, consisting primarily of shoaled sediments
from Gold Rush era hydraullic mining, may have been essentially depleted. If ambient
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mercury concentrations in Bay sediments have been reduced with the depletion of
mining related sediments, how will policy measures aimed at reducing levels of
mercury in San Fracisco Bay (i.e. mercury TMDL) be impacted? Recent deepening the
Oakland Harbor navigation channels to pre-industrial sediment strata, make this
location an ideal for assessing the trend in mercury concentrations in newly shoaled
sediments in San Francisco Bay. Sediment samples from the oOakland Harbor were
collected prior to maintenance dredging every year since the deepening project was
completed and analyzed for mercury. Results were compared to historic Tevels
documented for Oakland Harbor and other regions within the Bay. The results of
this investigation show that mercury present sediments newly accreted in Oalkand
Harbor every year since the navigation channel was deepened are consistent with
pre-industrial, background concentrations (~0.23 mg/kg). Conclusions: Under the
Clean water Act's Section 303d, the San Francisco Bay was deemed impaired for
mercury, and a Total Maximum Daily Load (TMDL) for this contaminant was developed
and amended to the San Francisco Bay Regional water Quality Control Board's water
Quality Control Plan. A significant reduction in ambient San Francisco Bay mercury
sediment concentrations associated with the apparent dramatic depletion in mining
related sediments may imply that a substanitial reduction in the total Bay Area
mercury load, and warrant a modification to the mercury TMDL implementation plan.
This is especially true for Bay Area dredge permit applicants because the TMDL
currently prohibits discharge of dredged material to the Bay's authorized aquatic
disposal sites unless the material exhibits concentrations lower than the current
ambient sediment mecury concentration (0.53 mg/kg).

Bollens, S. M., J. R. Cordell, et al. (2002). "zooplankton invasions: a brief
regiew, plus two case studies from the Northeast Pacific Ocean." Hydrobiologia 480:
1-3.

Invasions of aquatic habitats by non-indigenous species (NIS), including
zooplankton, are occurring at an alarming rate and are causing global concern.
Although hundreds of such invasions have now been documented, surprisingly little is
known about the basic biology and ecology of these invaders in their new habitats.
Here we provide an overview of the published Titerature on NIS zooplankton,
separated by 1life history (holoplankton vs. meroplankton), habitat (marine,
estuarine, freshwater), and biological Tevel of organization or topic (e.g.
distribution and range extension, physiology, behavior, feeding, community impacts,
ecosystem dynamics, etc). Amongst the many findings generated by our Titerature
search, perhaps the most striking is the paucity of studies on community and
ecosystem level impacts of NIS zooplankton, especially in marine and estuarine
systems. We also present some results from two ongoing studies of invasive
zooplankton in the northeast Pacific Ocean - Pseudodiaptomus inopinus in Washington
and Oregon coastal estuaries, and Tortanus dextrilobatus in San Francisco Bay. Both
of these Asian copepods have recently expanded their range and can at times be
extremely abundant (10 super(3) m super(-3)). we also examine some aspects of the
trophic (predator-prey) ecology of these two invasive copepods, and find that they
are likely to be important in the flow of material and energy in the systems in
which they now pervade, although their impacts at the ecosystem level remain to be
quantified. Finally, the findings of both our literature search and our two case
studieshof invasive zooplankton lead us to make several recommendations for future
research.

Bollens, S. M. and A. M. Sanders (2004). Ecology of Larval Pacific Herring in the
San Francisco Estuary: Seasonal and Interannual Abundance, Distribution, Diet, and
Condition. Early Life History of Fishes in the San Francisco Estuary and watershed.
F. Feyrer, L. R. Brown, R. L. Brown and J. J. Orsi. Bethesda MD, American Fisheries
Society: 15-35.

Pacific herring Clupea pallasi is a commercially and ecologically important
fish with a sizable stock that spawns and spends its early 1life history in the San
Francisco Estuary (SFE). Yet very Tlittle 1is known about the basic ecology of larval
Pacific herring in the SFE. We undertook a 3-year field study (1999-2002), focused
on winter and spring collections in two regions of the SFE (the Central and San
Pablo bays), to address three objectives: (1) determine seasonal abundance patterns
of Tarval Pacific herring in the two bays, (2) examine the diet of Tarval Pacific
herring, and (3) evaluate the condition of larval Pacific herring in the two bays.
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Pacific herring were a conspicuous component of the winter larval fish assemblage 1in
both the San Pablo and Central bays, comprising a maximum of 22.5% and 5.5% of total
abundance, respectively. Larval Pacific herring abundance peaked in February or
March of each year, reaching a maximum density of 2.53/m super(3) (San Pablo) and
0.52/m super(3) (Central Bay). Length frequency distributions suggested that at
least 2-3 cohorts were produced each year, with some evidence that Tarvae were
slightly Targer in San Pablo Bay. Larval Pacific herring fed on a broad range of
prey types, including tintinnids, copepodids, copepod nauplii, diatoms, and
gastropod veligers. The unusually high proportion of tintinnids in the diet (87% by
number in March 2001) suggests an important protozoan-metazoan linkage. Condition of
larvae was assessed by analyses of covariance of a "growth sensitive" variable
(i.e., body weight, anal body depth, or pectoral body depth) regressed against a
"growth insensitive" variable (i.e., standard length). These results showed marked
differences between the bays: in Central Bay, early (small) Tlarvae exhibited better
condition, but within San Pablo Bay, Tlarvae exhibited a greater rate of improved
condition with increasing age (size). This suggests the possibility of important
differences in the Central and San Pablo bays as larval Pacific herring nursery
grounds. Several areas of future research on the ecology of Tlarval Pacific herring
in SFE are recommended (e.g., coupling between horizontal and vertical distributions
and advective flow fields, predation, and feeding dynamics on protozoan versus
metazoan prey).

Bombardelli, F., J. Kohne, S. Reddy, D. Behrens, and M. Gowdy (2010). Comparison of
models for predicting flow and water quality in the Sacramento-San Joaquin Delta.
6th Biennial Bay-Delta Science Conference. workshop presentation at the Sacramento
convention Center, Sacramento, California.

The social and economic importance of the Sacramento-San Joaquin Delta has
led to the development and application of several numerical models to predict
hydrodynamic and water quality conditions. Yet future challenges to the Delta will
require even more demanding applications of these models to simulate climate change,
water management, habitat, island failures, and Tand development conditions. This
work presents a rigorous and independent framework for the analysis of several
Delta-specific models developed by Resource Management Associates (RMA) and the
Department of water Resources (DWR). This presentation starts with a thorough
analysis of the models from the theoretical and numerical points of view.
Subsequently, it includes a scenario-driven comparison of each model to historical
data and investigates model accuracy and sensitivity to varying levels of export
pumping and DICU values, each within extreme dry and wet water years.

Bombardelli, F., J. Anderson, E. Atlejevich, and K. zamani (2010). Technical details
of the development of a sediment-transport module for DSM2. 6th Biennial Bay-Delta
Science Conference. Workshop presentation at the Sacramento Convention Center,
Sacramento, California.

This presentation describes the development of a one-dimensional Sediment
and Transport Module (STM) for the Delta Simulation Model 2. STM is a general
transport model for conservative and non-conservative constituents with special
focus on sediment transport. The module includes cohesive and non-cohesive sediment
transport in tidal channel networks. Both suspended sediment and bed Toad are
simulated in the module. STM uses a second order accurate, finite volume numerical
solution. To verify that components of the model are coded properly, a companion
testing code has been developed.

Bond, R., M. Partyka, and E.R. Atwill (2010). The occurrence of indicator bacteria
and waterborne zoonotic pathogens in the California Delta. 6th Biennial Bay-Delta
Science Conference. Workshop presentation at the Sacramento Convention Center,
Sacramento, California.

A two year intensive study was conducted from June 2006 through December
2008 on a section of the california Delta. This study addressed the use of bacterial
indicators, E. coli and Enterococcus, to identify priority bacterial pathogens
potentially shed by Tivestock populations located throughout the Delta: Salmonella,
Shiga Tike toxin producing E. coli (SLTEC), and Campylobacter. Many of these
pathogens can be transmitted to humans, other domestic animals, and wildlife through
the waterborne route of transmission. we identified 88 monitoring sites throughout
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the sloughs and waterways of the eastern and northwestern Delta, and surveilled them
monthly for bacterial source identification, pathogen load estimations, and standard
water quality metrics. A total of 1740 water samples were taken during three
distinct seasons (Rainfall, Nov-Mar; Snowmelt, Apr-Jun; Dry, Jul-Oct) over the
course of the study period. The prevalence of indicators appears to be seasonally
dependent with a higher percentage of samples exceeding the single sample maximum
(ssm) for both E. coli (235 CFU/100 ml) and Enterococcus (61 CFU/100 ml) in the
Rainfall season and the Dry season than the Snowmelt season. The occurrence of
pathogens was low to moderate; Salmonella (4.7%, n=1740), Campylobacter (14.99%,
n=1501), and SLTEC (1.24%, n=1366). The average bacterial counts of Salmonella
(MPN/100 m1) and cCampylobacter (CFU/100 m1) were not significantly higher in samples
that exceeded the (ssM) for either indicator E. coli (p=0.44, p=0.25 respectively)
or Enterococcus (p=0.39, p=0.08 respectively). Sampling season proved to be a strong
predictor for the occurrence of SLTEC when coupled with exceedance of the
Enteroccocus SSM (p=0.014). Rainfall driven seasonal variations appear to influence
the occurrence of both indicator bacteria and bacterial pathogens. Wwhile further
sampling may prove beneficial to Delta stakeholders, this study is one of the most
gomprehensive examinations of microbial water quality in the california Delta to
ate.

Booker, K., and J. Martini-Lamb (2010). North Bay Water Reuse Program. 6th Biennial
Bay-Delta Science Conference. Poster paper presented at the Sacramento Convention
Center, Sacramento, California.

Problem Statement: The North San Pablo Bay region has very limited surface
and groundwater supplies. Urban, agricultural and environmental demands exceed the
region’s ability to provide a reliable, sustainable and economical water supply.
water managers and elected officials recognize the contribution recycled water can
make in helping to address water supply reliability. Approach: Since the regional
North Bay water Recycling Program (NBWRP) was concieved, over 10-years ago, the
North Bay water Reuse Authority (NBWRA) has made considerable headway 1in its
implementation of the Program’s vision. NBWRA has launched and completed essential
multi-phase technical and economic feasibility studies, conducted broad stakeholder
outreach efforts targeting both agencies and potential users of recycled water and
forged key partnerships to obtain and share funding resources. The NBWRP goal 1is to
determine how the region’s recycled water supply can provide as many benefits as
possible to all stakeholders - urban, agriculture, and environmental. Results: 1In
partnership with the Bureau of Reclamation, studies have been completed to establish
the feasibility of a comprehensive regional program for recycled water. The NBWRP is
expanding the existing use of recycled water to users in areas which are severely
impacted by groundwater overdraft, to offset potable water used for urban an
agricultural dirrigation, and to provide fresh water for bittern pond restoration at
the Napa-Sonoma Salt Marsh. Conclusions: Although the North San Pablo Bay region
is not served by federal or state water projects, the NBWRP demonstrates how a
long-term sustainable supply of recycled water can be developed by partnering with
federal and state agencies. The NBWRP is a model for maximizing the benefits of
Timited water resources in the west. This comprehensive regional program provides a
sound approach towards meeting Tlocal, state, and federal water management objectives
and regulatory requirements and helps put recycled water to its broadest and most
beneficial use.

Borgnis, E., V. T. Parker, J. callaway, and L. Schile (2010). Below-ground biomass
dynamics across the San Francisco Bay-Delta: Organic and mineral matter
contributions to tidal wetland accretion. 6th Biennial Bay-Delta Science Conference.
Poster paper presented at the Sacramento Convention Center, Sacramento, California.

organic matter (OM) accumulation is a critical factor affecting vertical
rates of sediment accretion in tidal wetlands. Accretion will determine the ability
of wetlands to maintain elevation and persist in the face of sea-Tevel rise (SLR).
Global climate change (GCC) 1is predicted to increase rates of SLR and shift salinity
regimes, resulting in uncertainty for the future of San Francisco Bay-Delta
wetlands. Recent models based only on allochthonous mineral sediment deposition
indicate that rates of SLR may exceed wetland accretion rates. Our study focuses on
measuring autochthonous OM contributions to vertical accretion and the effect of
salinity and elevation on OM accumulation in six tidal wetlands spanning the
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estuarine salinity gradient of the SF Bay-Delta. We are using data on above- and
below-ground productivity, decomposition and soil chemistry %rom shallow cores to
model accretion dynamics in conjunction with existing data from SETs, marker
horizons, and dated sediment cores. Preliminary results indicate that strong trends
in processes across the salinity gradient have substantial implications for GCC
impacts on Bay-Delta wetlands. At saline sites, sediment accretion averages 3 mm/yr
but shallow compaction reduces elevation gains to 1 mm/yr. Decomposition rates 1in
saline sites are double rates in freshwater sites, while productivity is 10X greater
in freshwater sites leading to higher observed soil OM content. Interestingly, the
peak in above-ground biomass occurs in the fresh wetland, while the peak 1in
below-ground biomass occurs at the brackish wetland. These results will aid in
predicting impacts of GCC on the Tong-term stability of tidal wetlands.

Botsford, L. W., and J.G. Brittnacher (1996). "viability of Sacramento River
winter-run chinook salmon." Conservation Biology: the journal of the Society for
Conservation Biology 12: 15.

The winter run of chinook salmon (Oncorhynchus tshawytscha) on the
Sacramento River in California (U.S.A.) was the first Pacific salmon stock to be
Tisted under the U.S. Endangered Species Act. we describe some of the
characteristics of Pacific salmon populations that require special consideration in
viability analysis while developing a model specific to the Sacramento River winter
run of chinook salmon. Their anadromous, semelparous 1ife history leads to a special
definition of quasi-extinction. Random variability occurs primarily in spawning or
early Tife and 1is reflected in the cohort replacement rate, the number of future
spawners produced by each spawner, a measure consistent with the common practice of
characterizing salmon population dynamics in terms of stock-recruitment
relationships. We determine the distribution of cohort replacement rates from
spawning abundance data and 1life history information. we then show through
simulations that (1) replacing this distribution with a Tognormal distribution with
the same mean and variance has a negligible effect on extinction rates, but that (2)
approximating an indeterminate semelparous 1life history using a determinate
semelparous life history leads to inaccurate estimates of extinction rate. wWe derive
delisting criteria that directly assess the effects of habitat improvement by
explicitly including population growth rate (geometric mean cohort replacement rate
> 1.0) in addition to abundance (> 10,000 female spawners). These delisting criteria
allow for the uncertainty due to limited accuracy in measuring spawner abundance and
the finite number of samples used to estimate population growth rate (estimates must
be based on at least 13 years of data, assuming spawner abundance is measured with <
25% error). Because the probability of extinction will generally be very sensitive
to the uncertainty involved in meeting delisting criteria, we recommend that similar
uncertainty be accounted for in future recovery criteria for all endangered species.

Botsford, L. W., R. D. J. Methot, et al. (1982). "Cyclic covariaton in the
Ccalifornia king salmon, oOncorhynchus tshawytscha, silver salmon, 0. kisutch, and
dungeness crab, Cancer magister, fisheries." Fishery Bulletin 80: 791-801.

Bouley, P. and w. J. Kimmerer (2006). "Ecology of a highly abundant, introduced
gyg1gggid copepod in a temperate estuary." Marine Ecology Progress Series 324:
1_

The cyclopoid copepod Limnoithona tetraspina (0Oithonidae) was introduced
into the San Francisco Estuary (SFE) in 1993 and within a year became the most
abundant copepod in the low-salinity zone. L. tetraspina makes up similar to 95%
(median) of the total adult copepods in the low-salinity zone, and the biomass of
adults 1is similar to that of 2 Targer co-occurring calanoids, Pseudodiaptomus
forbesi and Eurytemora affinis. The main goal of our research was to understand
which food resources L. tetraspina uses in the Tow-salinity region of the SFE.
Incubation experiments using natural water revealed feeding by L. tetraspina on
mixotrophic and heterotrophic aloricate ciliates, but rarely on loricate tintinnids
or diatoms. The co-occurring calanoids consumed similar prey, but also readily
consumed diatoms. Capture and consumption of Strombidium spp. by L. tetraspina was
confirmed visually, and experiments using cultured prey also showed that these
copepods fed on motile phytoplankton but not on diatoms. Estimated grazing rates
were low (median 2.3, range 0.6 to 8.3% body weight d(-1)); although these rates may
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be underestimates because of high concentrations of copepods in experimental
containers, they are consistent with low specific egg production of females (0.3 +/-
0.2% body weight d(-1)). Low selectivity of one fish species for L. tetraspina
suggests that this copepod may not be an important food resource for
visually-selective fishes in the SFE. The low abundance of filter-feeding predators
in this region of the estuary may be responsible for the high abundance of this
cyclopoid copepod, despite its low potential population growth rate.

Bowman, T. E. and J. J. Orsi (1992). "Deltamysis holmquistae, a new genus and
species of Mysidacea from the Sacramento-San Joaquin Estuary of cCalifornia."
Proceedings of the Biological Society of washington 105: 733-742.

Boyd, T. J. and C. L. Osburn (2004). "Changes in CDOM fluorescence from
allochthonous and autochthonous sources during tidal mixing and bacterial
degradation in two coastal estuaries." Marine Chemistry 89(1-4): 189-210.

Chromophoric dissolved organic matter (CDOM) was collected and concentrated
using 1 kba cutoff tangential flow filtration (TFF) from marine ( similar to 33
salinity), mid-estuarine ( similar to 15 salinity), and freshwater (1 salinity)
portions of the Chesapeake and San Francisco Bays. Natural bacterioplankton were
also collected during the same transects on 0.22- mu m pore size filters. TFF
permeates from freshwater, mid-estuarine and marine stations were used to create a
series of salinity samples ranging from 0 to 33 by increments of 3. Freshwater CDOM
was added in the same proportion to each salinity sample to determine changes in
spectral signals during simulated estuarine mixing. A series of incubations was
conducted in which concentrated CDOM was added to TFF permeates (1 kba, Tlow
fluorescence) in a nine-membered matrix such that each station's CDOM was added to
each station's TFF permeate. Each incubation was then inoculated with a filter from
its respective collection location. Subsamples from bacterial incubations were
collected at various times and analyzed by high resolution three-dimensional
fluorescence excitation-emission spectroscopy (EEMs) to determine if changes in
ionic strength encountered during estuarine mixing affect the bioavailability and
optical properties of CDOM. Five EEMs peaks were identified for each mixing
experiment and microbial subsample; Exmax: 330-350 nm/ Emmax: 420-480 nm, Exmax:
250-260 nm/ Emmax: 380-480 nm, Exmax: 310-320 nm/ Emmax: 380-420 nm, Exmax: 270-280
nm/ Emmax: 300-320 nm, and Exmax: 270-280 nm/ Emmax: 320-350 nm. These peak ratios
were monitored over the time course of the experiment. Changes in several spectral
properties during the simulated estuarine mixing were observed indicating CDOM
conformational changes as it moves through the estuary. We hypothesized these
changes may impact the biodegradability of CDOM as it moves from upland sources to
the coastal ocean. Changes in DOC concentration during incubation indicated that
allochthonous CDOM was a more utilizable substrate for estuarine and marine
bacteria. There were also differences in peak ratios observed during incubation with
allochthonous and autochthonous CDOM. There were Emmax peak shifts dependent on the
source of CDOM and bacteria, with more red shifting (toward higher wavelengths) 1in
upper reaches of the estuary and more blue-shifting at the oceanic end-member. we
conclude that bacterial degradation of specific components of autochthonous and
allochthonous CDOM may impact the spectral characteristics observed throughout an
estuary and that CDOM optical properties are partially a function of the CboM's
origin and mixing history.

Boydstun, L. B. (1994). "Analysis of two mark-recapture methods to estimate the fall
chinook salmon, oOncorhynchus tshawytscha, run into Bogus Creek, upper Klamath River,
california." california Fish and Game 80: 1-3.

Boydstun, L. B. (2001). ocean salmon fishery management. Contributions to the
biology of Central valley salmonids: Fish Bulletin 179. R. L. Brown. Sacramento, CA,
State of california, The Resources Agency, Department of Fish and Game. 2: 183-196.
California ocean salmon fisheries are managed by the Pacific Fishery
Management Council (Council) under the federal Magnuson Stevens Fishery Conservation
and Management Act. This chapter describes the ocean fisheries impacting California
Central valley (cv) chinook stocks, the federal regulatory process that is followed
in managing these ocean fisheries, and discusses alternative management measures for
protecting valuable natural resources. The CV supports fall, late-fall, winter, and
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spring chinook runs. The Council has adopted a spawning escapement goal for the fall
run, while a federal rebuilding plan is used to regulate the fisheries to protect
the winter run, an endangered species. The winter run plan is also protective of Cv
spring run, a threatened species. Some potential alternative management strategies
include (1) a revised escapement goal for the Sacramento fall run, (2) a separate
escapement goal for the spring run, (3) an escapement goal for the San Joaquin fall
run, and (4) a selective ocean fishery for marked hatchery fish. The Cv salmon
management program is lacking in two areas: (1) river return estimates for
codedwire- tagged fish releases and (2) inconsistent tagging of hatchery fish
releases, precluding estimation of hatchery fish contributions. I conclude that a
comprehensive fishery management program should be implemented for CV chinook salmon
under the Central valley Project Improvement Act and that the Klamath Fishery
Management Council be used as a model for developing such a program.

Brand, A., S. Gladding, J.R. Lacy, and M.T. Stacey (2010). Model based
interpretation of sediment concentration and vertical flux measurements in the
shoals of South San Francisco Bay. 6th Biennial Bay-Delta Science Conference.
workshop presentation at the Sacramento Convention Center, Sacramento, California.

our study focused on the driving factors of sediment resuspension and
settling dynamics in the shoals of South San Francisco Bay. We deployed an array of
stations 1in spring and fall 2009 at a shallow field site (2.19-2.59 MLLW) to measure
horizontal and vertical gradients of turbidity together with fluid flow, turbulence,
and pressure across the shoal-channel transition. Flow velocities, Reynolds stress,
wave properties, sediment concentration and turbulent sediment fluxes were measured
using ADVs. We developed a simple 1-D dispersion-settling model to interpret the
observed sediment concentrations and fluxes. We assumed the existence of two
sediment fractions with differing settling behavior. Sediment resuspension into the
water column was described as a Tinear function of the observed sediment flux. our
model study showed that the observed concentrations were best described by a fast
settling fraction with a constant settling velocity ws of 0.003 ms-1 attributed to
coarse particles and a slowly settling fraction with a concentration dependent
settling velocity ws=k*CSed with k = 8%¥10-6 m4 s-1lg-lattributed to fine particles,
suggesting a coagulation mechanism for the settling of the latter fraction. Modeled
sediment concentration profiles showed that the fine sediment fraction can
contribute over 70% of the sediment mass. Still, steeper gradients in the profiles
of the coarse particles show that these particles are the main contributors to the
measured sediment flux. Understanding the sediment transport in the South San
Francisco Bay is of crucial importance for the prediction of contaminant and
nutrient dynamics as well as predicting the formation and erosion of wetlands and
intertidal mudflats. our study highlights the importance of differing particle
fractions in the sediment dynamics of the Bay, especially since these fractions
differ in residence time in the water column. The presented results also provide a
good starting point for a fully coupled sediment bed-water column model.

Brand, L. A., J.Y. Takekawa, J. Bluso-Demers, J. Shinn, N. Athearn, C.
Robinson-Nelsen, and C. Strong (2010). Effects of management on avian populations 1in
the South Bay salt ponds: density changes from 2003-2010. 6th Biennial Bay-Delta
Science Conference. Workshop presentation at the Sacramento Convention Center,
Sacramento, California.

A Tong-term goal for the South Bay Salt Pond Restoration Project (SBSPRP) is
to restore a mix of habitats ranging from tidal marsh to open ponds that balance
needs of marsh species with migrating waterbird populations. As the SBSPRP enters
its first phase, it is important to take stock of the effects of early management
efforts on avian populations. wWe conducted monthly waterbird counts and sampled
salinity and dissolved oxygen in three SBSPRP salt pond complexes since 2003 (53
ponds in Alviso, Eden Landing, and Ravenswood), and in two salt production pond
complexes since 2005 (22 ponds in Newark and Mowry). we used generalized
least-squares regression for clustered data with pond as a random effect to assess
temporal trends in average avian densities, salinity, and dissolved oxygen over
years, after adjusting for seasons, and as a function of pond complexes and pond
management types. Over a common temporal period (2005-2010), small and medium
shorebirds and dabbling and diving ducks had higher densities in restored than
production ponds but there were no significant (p < 0.05) density changes over
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years. Gulls, terns, fish eating birds and eared grebes had similar or higher
densities in production ponds with few trends over time but gulls decreased in
restored ponds and eared grebes decreased in production ponds over the time period.
over the longer period in restored ponds (2003-2010), small and medium shorebirds
densities were relatively high but decreased in Ravenswood and increased in Eden
Landing. Medium shorebirds and dabbling ducks increased in breached ponds. Dabbling
and diving ducks had highest densities in Alviso intake ponds; both dabbling duck
and fish eater densities increased substantially in Alviso ponds over the study
period, perhaps related with increased dissolved oxygen and decreased salinity.
Results from this study will help managers assess how changing pond characteristics
influence avian populations.

Brander, S. M., and G. Cherr (2010). From otoliths to oocytes: a three-tiered
investigation into estrogenic and androgenic effects in a California estuary. 6th
Biennial Bay-Delta Science Conference. workshop presentation at the Sacramento
convention Center, Sacramento, California.

Endocrine disrupting compounds (EDCs) are widespread in the environment and
known to impact fish reproduction. A large body of work exists on EDC effects in
laboratory species; however, fewer studies have considered resident fish,
particularly those found in estuaries. wWe use Menidia audens, a ubiquitous
euryhaline atherinid, as an indicator of EDCs in Suisun Marsh, in which a wide range
of contaminants, including emerging EDCs (i.e. pyrethroids), are present. Our
three-tiered investigation encompasses the receptor, individual and population
levels. First, solid-phase extracts from areas exposed to treated wastewater, urban
or ranch run-off produce significant evidence of binding to the nuclear estrogen and
androgen receptor in receptor-transfected cell lines. Secondly, immunoanalyses
reveal that wild males express choriogenin (egg shell protein); outplanting and
bioassays indicate choriogenin Tevels in marsh-exposed and pyrethroid-exposed fish
are greater than controls and endocrine-related gene expression differs between
field sites and controls. Lastly, sites exposed to different EDCs exhibited
significantly different sex ratios and sex-specific size differences throughout
2009. These results suggest that individual-level effects may scale up to
population-Tevel consequences.

Brander, S. M. (2013). Thinking outside the Box: Assessing Endocrine Disruption 1in
Aquatic Life. Monitoring water Quality: Pollution Assessment, Analysis and
Remediation. S. Ahuja. Amsterdam, Boston, .... Elsevier: 103-147.

Exposures to environmental concentrations of endocrine disrupting compounds
(EDCs) are now a known threat to both human and ecological health. A large body of
work has established that EDCs can agonize, antagonize or synergize the effects of
endogenous hormones, resulting in physiological and behavioral abnormalities in
aquatic organisms. Examples of disruption in fishes include altered secondary sexual
characteristics and male production of female reproductive proteins. The universe of
potential EDCs is expanding as new pesticides and pharmaceuticals constantly enter
the marketplace, and the monumental tasks of prioritizing the backlog of compounds
to be assessed and reducing their release into the environment remains. In the
recent past, the majority of EDC research has focused on reproductive impacts,
particularly those caused by estrogenic compounds, or to a lesser extent, androgenic
compounds. Attention is now being directed toward impacts inflicted via novel
mechanisms and toward impacts on other aspects of the endocrine system. Examples of
Tesser-known impacts of EDCs on fish include changes in somatic growth and
modulation of the immune system. EDCs are known to disrupt pathways mediated by
thyroid hormone, glucocorticoids, progestogens, and prostaglandins via
receptor-binding, to interfere with cellular signaling cascades, or alter
steroidogenesis. The challenge for ecotoxicologists is to determine which end points
should be measured in fish in order to most accurately predict impacts at the
population and even at the ecosystem level. Furthermore, in addition to assessing
risk at multiple biological scales, the effects of complex environmental mixtures,
differences in species sensitivity, adaptation to pollution, and the potential for
epigenetic change must also be integrated into determinations of “safe” EDC
concentrations. Considering the propensity of EDCs to exert effects at low doses and
to exhibit nonmonotonic responses, this is a task that will require increased
collaboration and ingenuity amongst researchers in the field.
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Brander, S. M., I. Werner, et al. (2009). "Toxicity of a dissolved pyrethroid
mixture to Hyalella azteca at environmentally relevant concentrations."”
Environmental Toxicology and Chemistry 28(7): 1493-1499.

Use of pyrethroid pesticides, which are highly toxic to aquatic organisms,
has increased substantially over the past decade. In 2006, the pyrethroid pesticides
cyfluthrin and permethrin were measured in Sacramento-San Joaquin (SSJ]) Delta (CA,
USA) water at 5 and 24 ng/L (pptr), respectively. To elucidate any interactions
between the two pyrethroids, a 10-d laboratory exposure was performed with 7- to
14-d-old amphipods (Hyalella azteca). Cyfluthrin and permethrin were tested singly
and in combination at detected Tevels and also at half and twice the detected
Tevels, both with and without the addition of 25 ppb of piperonyl butoxide (PBO).
Mortality in all treatments was significantly higher than in controls, with the
median lethal concentration (LC50) for permethrin with PBO (13.9 ng/L) and the LC50s
with and without PBO for cyfluthrin (5.7 and 2.9 ng/L, respectively) at or below
Tevels measured in SSJ Delta water samples. The LC50 for permethrin alone was
estimated to be 48.9 ng/L. To evaluate combined toxicity, logistic regression models
containing terms for concentrations of cyfluthrin, permethrin, and PBO, as well as
models containing all possible combinations of these terms and interactions, were
run and compared using Akaike’s information criterion. The most parsimonious set of
models indicated slight antagonism between cyfluthrin and permethrin. Results
indicate that a dissolved mixture of cyfluthrin and permethrin is toxic at
environmentally relevant concentrations in the water column.

Brandes, P. L., and J.S. McLain (2001). Juvenile chinook salmon abundance,
distribution, and survival in the Sacramento-San Joaquin Estuary. Contributions to
the biology of Central valley salmonids: Fish Bulletin 179. R. L. Brown. Sacramento,
gé, %gate of california, The Resources Agency, Department of Fish and Game. 2:

-138.

A1l four races of juvenile Central valley chinook salmon migrate through and
many rear in the Sacramento-San Joaquin Delta and Estuary. Delta residence and
migration 1is considered important in determining adult production, as it is
generally believed that density dependent effects are minimal after this 1ife stage.
Populations of winter run and spring run are presently listed as endangered and
threatened species, while the remaining populations in the Central valley are
candidate species. Actions in the Delta to improve survival are 1likely important 1in
the recovery of these depressed populations. The tidally influenced freshwater Delta
also is an important area for water management in California, as it is where the
Central valley and State Water Project pump large volumes of water to southern
California, the san Joaquin valley and the Bay area. To document the effect of these
various water management activities in the Delta on juvenile salmon, monitoring and
special studies have been conducted since the early 1970s to the present. Changes 1in
abundance in the Delta and estuary appear related to flow; high flows increase the
use of the Delta and San Francisco Bay by fry. Relative survival of fry appears
greater in the upper Sacramento River than in the Delta or bay, especially in the
wetter years. Survival appears Tower in the Central Delta relative to that in the
North Delta in drier years for both fry and smolts. Fall-run smolt and late-fall run
yearling survival studies have found that diversion into the Central Delta via the
Delta Cross Channel or Georgiana Slough reduces survival through the Delta.
Experiments in the San Joaquin Delta have shown that survival appears greater for
smolts that migrate down the mainstem San Joaquin River rather than through upper
old River. A temporary barrier in upper 0ld River was tested and found to improve
survival for smolts originating in the San Joaquin basin. These specific experiments
have identified management actions that could improve juvenile salmon survival
through the Delta. In addition, indices of annual survival provide a way to compare
survival through the Delta and could be used to assess restoration and management
actions. This work demonstrates how Tong-term scientific studies can be applied to
address management and restoration issues.

Brandes, P. L., and M. Banks (2010). Comparison of race using length at date
criterion and genetics for catch of juvenile Chinook salmon at Sacramento and Chipps
Island in 2007-2008. 6th Biennial Bay-Delta Science Conference. Poster paper
presented at the Sacramento Convention Center, Sacramento, California.
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One of the first steps in estimating juvenile abundance of the listed races
of Chinook salmon in the Delta is correctly identifying the race of juvenile Chinook
caught. The relative abundance of the four races of juvenile Chinook salmon
migrating through the Delta cannot be inferred with confidence using length-at-date
criterion alone (Johnson et al. 1992). Fin tissue was collected from juvenile
Chinook salmon captured in standard trawl sampling conducted at Sacramento and
Chipps Island in 2007 and 2008. These tissue samples were then analyzed using DNA
microsatellite loci to determine race of individuals in the catch. The number of
fish identified as a specific race using the Tength-at-date criteria was compared to
the race identification by DNA for juvenile salmon collected in 2007 and 2008.
Results suggest that the catch of winter and spring run is overestimated using the
size criterion, whereas fall and late-fall are underestimated. Catch in 2007 and
2008 could not be expanded to estimate abundance at either Chipps Island or
Sacramento due to incomplete sampling during the migration season at both locations.
Tissue sampling has continued and will provide a better means of estimating
abundance by race in 2008-2010. Estimating the abundance of “true” juvenile winter-
and spring-run Chinook salmon entering and leaving the Delta 1is fundamental to
understanding population status of these Tisted stocks.

Brandes, P. L. and J. S. McLain (2001). Juvenile chinook salmon abundance, )
distribution, and survival in the Sacramento-San Joaquin Estuary. Fish Bulletin 179:
Contributions to the biology of Central valley salmonids. Vvolume 2. R. L. Brown.
Sacramento, California Department of Fish_and Game: 39-136. )

A1l four races of juvenile Central valley chinook salmon migrate through and
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in the Sacramento-San Joaquin Delta and Estuary. Delta residence and migration is
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important in determining adult production, as it is generally believed that density
dependent effects are minimal after this life stage. Populations of winter run and
spring . . . .
run are presently listed as endangered and threatened species, while the remaining
populations ] ) ) ] ]
in the Central valley are candidate species. Actions in the Delta to improve
survival
are_considered important_in the recovery of these depressed populations. The tidally
influenced freshwater Delta also is an important area for water management 1in
california,
as it is where the Central valley and State wWater Project pump large volumes of
water to
southern California. To document the effect of these various water management
activities _— o . o
in the Delta on juvenile salmon, monitoring and special study activities have been
conducted ) )
since the mid-1970s_to the present. Changes in abundance in the Delta and estuary
appear related to flow; high flows increase the use of the Delta and San Francisco
Bay by
fry. Relative survival of fry appears greater in the upper Sacramento River than in
the
Delta or bay, especially in the wetter years. Survival appears lower in the Central
Delta
relative to that in the North Delta in drier years for both fry and smolts. Fall-run
smolt and
late-fall-run yearling survival studies have found that diversion into the Central
Delta via
the Delta Cross Channel or Georgiana Slough reduces survival through the Delta.
Experiments ] )
in the San Joaquin Delta have shown that survival appears greater for smolts that
migrate down the mainstem San Joaquin River rather than through upper 0ld River. A
temporary barrier in upper Old River was tested and found to improve survival for
smolts originating from the San Joaquin basin. These specific experiments have
identified
management actions that could improve juvenile salmon survival through the Delta. In
addition, indices of annual survival provide a way to compare survival through the
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Delta
and could be used to assess future restoration or management actions. This work
demonstrates
how long-term scientific studies can be applied to address management and
restoration
issues.

Brennan, M., S. Crooks, N. Monsen, J. Vandever, M. Orr, and P. williams (2010).
BREACH III physical processes: Hydrodynamics and wind/wave interactions. 6th
Biennial Bay-Delta Science Conference. workshop presentation at the Sacramento
Convention Center, Sacramento, California.

Shallow water turbidity and phytoplankton production are recognized as being
important for endangered species and regional food web support in the Sacramento-San
Joaquin Delta. We are using hydrodynamic numerical modeling and field observations
to understand the physical processes that sustain turbidity and phytoplankton
production in and around Liberty Island (LI). Hydrodynamic circulation patterns and
wind-generated waves are essential physical processes for characterizing the
island’s current habitat as well as predicting the geomorphic evolution of LI. We
are developing a two-dimensional hydrodynamic model (DELFT3D FLOW) of the LI
Complex. We will present first phase results of circulation patterns within the open
water and tule marsh portions of LI and exchange between LI and the surrounding
channel network. To understand the spatial and temporal patterns of wind-waves, we
are analyzing existing field data, collecting new wave observations, and modeling
wind-waves with the DELFT3D SWAN (Simulating WAves Nearshore) model. we will present
the wind-wave analysis of spatial distributions of wind, waves, and wave-induced
erosion at annual and seasonal time scales. Over the course of this three year
project, we want to understand how LI will evolve as the result of physical
processes and whether site functioning can be improved by management actions. These
numerical models will also provide spatial integration of datasets collected by
project partners and collaborators and provide a platform for integrated regional
analysis. Understanding the physical processes in Liberty Island, and the thresholds
that define evolution will inform restoration planning both in Liberty Island and on
adjacent areas.

Brennan, M. L., D.H. SchoelThamer, J.R. Burau, and S.G. Monismith (2002). Tidal
asymmetry and variability of bed shear stress and sediment bed flux at a site in San
Francisco Bay, USA. Fine sediment dynamics in the marine environment. J. C.
winterwerp, and C. Kranenburg, Elsevier Science B.V.: 93-108.

The relationship between sediment bed flux and bed shear stress during a
pair of field experiments in a partially stratified estuary is examined in this
paper. Time series of flow velocity, vertical density profiles, and suspended
sediment concentration were measured continuously throughout the water column and
intensely within 1 meter of the bed. These time series were analyzed to determine
bed shear stress, vertical turbulent sediment flux, and mass of sediment suspended
in the water column. Resuspension, as inferred from near-bed measurements of
vertical turbulent sediment flux, was flood dominant, in accordance with the
flood-dominant bed shear stress. Bathymetry-induced residual flow, gravitational
circulation, and ebb tide salinity stratification contributed to the flood
dominance. In addition to this flow-induced asymmetry, the erodibility of the
sediment appears to increase during the first 2 hours of flood tide. Tidal asymmetry
in bed shear stress and erodibility help explain an estuarine turbidity maximum that
is present during flood tide but absent during ebb tide. Because horizontal
advection was insignificant during most of the observation periods, the change 1in
bed mass can be estimated from changes in the total suspended sediment mass. The
square wave shape of the bed mass time series indicates that suspended sediment
rapidly deposited in an unconsolidated or concentrated benthic suspension layer at
slack tides and instantly resuspended when the shear stress became sufficiently
large during a subsequent tide. The variability of bed mass associated with the
spring/neap cycle (about 60 mg/cm2) is similar to that associated with the
semidiurnal tidal cycle.

Bricker, J. D., S. Inagaki, et al. (2005). "Bed drag coefficient variability under
wind waves in a tidal estuary." Journal of Hydraulic Engineering-Asce 131(6):
Page 53



130705 IEP BibTiography.txt
497-508.

In this paper we report the results of a study of the variation of shear
stress and the bottom drag coefficient C-D with sea state and currents at a shallow
site in San Francisco Bay. We compare shear stresses calculated from turbulent
velocity measurements with the model of Styles and Glenn reported in 2000. Although
this model was formulated to predict shear stress under ocean swell on the
continental shelf, results from our experiments show that it accurately predicts
these bottom stress under wind waves in an estuary. Higher up in the water column,
the steady wind-driven boundary layer at the free surface overlaps with the steady
bottom boundary layer. By calculating the wind stress at the surface and assuming a
Tinear variation of shear between the bed and surface, however, the model can be
extended to predict water column shear stresses that agree well with data. Despite
the fidelity of the model, an examination of the observed stresses deduced using
different wave-turbulence decomposition schemes suggests that wave-turbulence
interactions are important, enhancing turbulent shear stresses at wave frequencies.

Brooks, M., E. Fleishman, L.R. Brown, P.W. Lehman, I. Werner, N. Scholz, C.
Mitchelmore, and D. Schlenk (2010). Potential contributions of contaminants to the
decline of pelagic fishes in the San Francisco Estuary, California, U.S.A. 6th
Biennial Bay-Delta Science Conference. workshop presentation at the Sacramento
Convention Center, Sacramento, California.

The San Francisco Estuary has been altered by major hydrologic projects,
mining and other land uses, invasive species, and algal blooms. Additional stressors
include episodic drought, mixtures of pesticides (>20 million kg pesticide products
purchased annually), heavy metals, nutrients, and pharmaceuticals. Around 2000,
there were step declines in abundances of multiple pelagic fishes despite some years
of high precipitation that were expected to increase recruitment and abundances.
Native species of concern include delta smelt (Hypomesus transpacificus; listed as
endangered under the U.S. federal and california endangered species acts) and
longfin smelt (Spirinchus thaleichthys; listed as threatened under the california
act). Abundances of introduced threadfin shad (Dorosoma petenense), a major prey
species, and introduced striped bass (Morone saxatilis), a popular sport fish, also
are declining. we review the spatial overlap between sensitive 1ife stages and the
mechanisms by which contaminants in conjunction often exacerbated by non-contaminant
stressors may contribute to declines.

Brooks, M., E. Fleishman, et al. (2012). "Life Histories, salinity zones, and
Sublethal Contributions of Contaminants_to Pelagic Fish Declines ITlustrated with a
Case Study of San Francisco Estuary, California, USA." Estuaries and Coasts 35(2):
603-621.

Brown, C. L., and S.N. Luoma (1995). "Use of the euryhaline bivalve Potamocorbula
amurensis as a biosentinal species to assess trace metal contamination in San
Francisco Bay." Marine Ecology Progress Series 124: 14.

Potamocorbula amurensis was assessed as a biosentinel species in San
Francisco Bay, California, USA. Uptake of metal in both the laboratory and field
showed that P. amurensis was sufficiently responsive to Ag, Cd, Cr, Ni and V to
detect environmental differences in exposure. It was less suitable as an indicator
of Cu and zn contamination. Concentration factors for P. amurensis were: Ag, 386000;
cd, 50200; Cr. 36600; Ccu, 12200; Ni, 5200; and zn, 115500. Samples were collected
from 6 stations throughout the bay at near-monthly intervals from January 1991 to
March 1992. variability within a collection was influenced by gut content and animal
size. Other sources of variability were time (coefficient of variation (Cv) = 10 to
21 %), small-scale spatial variability (within 3 km, Ccv = 10 to 25%), and
large-scale spatial variability (Cv = 3.3 to 12.4%). Depuration for 48 h was
hecessary to mitigate bias from gut content. Precision was improved by analyzing
large numbers of individuals (60 to 120) separated into several (5 to 14) composites
at each collection and by determining, from regression, the mean and variance for
samples with significant correlations between metal concentration and shell length.
Repeated monthly sampling increased the accuracy of long-term site
characterizations. Temporal variability was small because of drought. The grand
means of the concentrations of Ag, Cd, Cr, Ni, and V in the tissues of P. amurensis
at each station for the 15 mo period revealed persistent contamination from
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industrialized Suisun Bay to the mouth of San Francisco Bay. Demonstration of
responsiveness, precision and accuracy should be a prerequisite for the optimal use
of biosentinels.

Brown, C. L., F. Parchaso, et al. (2003). "Assessing toxicant effects in a complex

estuary: A case study of effects of silver on reproduction in the bivalve,

gotgmoiggbu1a amurensis, in San Francisco Bay." Human and ecological risk assessment
: 95- .

Ccontaminant exposures in natural systems can be highly variable. This
variability is superimposed upon cyclic variability in biological processes.
Together, these factors can confound determination of contaminant effects. Long
term, multidisciplined studies with high frequency sampling can be effective in
overcoming such obstacles. While studying trace metal contamination in the tissues
of the clam, Potamocorbula amurensis, in the northern reach of San Francisco Bay, an
episode of high Ag concentrations was identified (maximum of 5.5 mug g(-1)) at two
mid-estuary sites. High concentrations were not seen in clams up-estuary (maximum of
1.92 mug g(-1)) from these sites and were reduced down-estuary (maximum of 2.67 mug
g(-1)). Silver is not common naturally in the environment, so its elevated presence
is usually indicative of anthropogenic influences such as municipal and industrial
discharge. Monthly sampling of reproductive status of clams characterized the
reproductive cycle and differences in the patterns of reproductive activity that
corresponded to changes in Ag tissue concentrations. The proportion of reproductive
clams was less than 60% during periods when tissue concentrations were high
(generally >2 mug g(-1)). When tissue concentrations of Ag decreased (less than or
equal tol mug g(-1)), the proportion of reproductive clams was 80 to 100%. A
comparison between the annual proportion of reproductive clams and annual Ag tissue
concentrations showed a significant negative correlation. No other measured
environmental variables were correlated with reproductive impairment. The
weight-of-evidence approach strongly supports a cause and effect relationship
between Ag contamination and reduced reproductive activity in P. amurensis.

Brown, C. L., G. Young, et al. (1987). "Preliminary report on the physiological
status of striped bass in the Carquinez Strait die-off." Fisheries Research 6: 5-16.

Tissue and blood samples from moribound striped class (Morone saxatilis )
collected during the summer 1985 die-off in the Carquinez Strait were analysed.
Despite the small number of specimens available differences between moribund fish
and controls were striking and consistent enough for the basis this preliminary
report. Comparison of serum and tissue analyses from three moribund samples with
four relatively healthy controls, indicated that Tiver dysfunction is an important
aspect of the pathology of fish in this die-off. This conclusion was based on data
on histological indications of hepatic lesions and inflammation, hormone imbalances
and accumulations of uric acid, bilirubin and alkaline phosphatase in the plasma.
Abnormal variation in plasma glucose levels, at both high and low extremes, may
reflect severe disruption of carbohydrate metabolism in the moribund fish. The
causes of this Tiver damage have not yet been identified.

Brown, K. J. and G. B. Pasternack (2004). "The geomorphic dynamics and environmental
history of an upper deltaic floodplain tract in the Sacramento-San Joaquin Delta,
california, USA." Earth Surface Processes and Landforms 29(10): 1235-1258.

A multi-proxy approach was used to examine the geomorphic dynamics and
environmental history of an upper deltaic floodplain tract in the Sacramento-San
Joaquin Delta, California. Three long cores were collected from the
McCormack-wilTliamson Tract (MwWT) and these cores were analyzed for bulk density,
loss-on-ignition, fine (clay and silt) content, Al concentration, magnetic
susceptibility, pollen, and charcoal. Radiocarbon dates obtained for the cores were
converted into calendar years and an age-depth model was constructed. Long-term
vertical accretion and sedimentation rates were estimated from the age-depth model.
Cross-core relations show that coarse sediment generally accumulates more rapidly
and has greater magnetic susceptibility compared to fine sediment. Percentage fine
and LOI data show a strong linear relationship that indicates flooding 1is the
primary mechanism for the deposition of particular organic matter on the floodplain
and that landscape wash load has contributed a highly consistent fraction of
persistent organic matter averaging 5.5 per cent to the site. Down-core grain size
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profiles show two hydrological domains in the cores, namely millennial fine-coarse
fluctuations superimposed on general up-core fining. Coarse sediment 1is viewed as
channel or near-channel overbank deposits, whereas fine deposits are considered to
be distal overbank flood deposits. The coarse-fine fluctuations are indicative of
changing depositional settings as channels migrated Tlaterally across MwT, whereas
the upward fining trend reflects a combination of self-1limiting overbank deposition
as floodplain elevation increased and decreasing competence as sea-level rise
reduced flood-pulse energy slopes. MWT has been cross-cut and incised numerous times
in the past, only to have the channels abandoned and subsequently filled by fine
sediment. The channels around MwT attained their modem configuration about 4000
years ago. MwT 1likely came under tidal influence at about 2500 cal BP. Wetlands have
recently developed on MWT, but they are inorganic sediment dominated. Copyright (C)
2004 John wiley Sons, Ltd.

Brown, K. L. and G. B. Pasternack (2005). "A palaeoenvironmental reconstruction to
aid in the restoration of floodplain and wetland habitat on an upper deltaic plain,
california, USA." Environmental Conservation 32: 103-116.

while tens of millions of dollars have been spent on land acquisition and
planning for current and future floodplain and wetland restoration in the
Sacramento-San Joaquin Delta, knowledge of the historical processes and landscape
heterogeneity that are helpful in guiding the environmental restoration are often
scarce. This study used palaeoenvironmental reconstruction to increase the
historical perspective, with the aim of improving environmental management. Twelve
sediment cores collected from the McCormack-williamson Tract (MWT) leveed farmland
and the juxtaposed Delta Meadows (DM) tidal wetland were sampled for a suite of
environmental proxies. MWT was a non-tidal flood plain during much of the
late-Holocene, with a mosaic of other habitats including dry uplands, riparian
forests, and freshwater wetlands persisting nearby. Comparison with the regional
sea-level history suggests that the upper delta gradually came under tidal influence
3000-800 calendar years before present (cal BP). Despite this, floodplain Tandforms
and habitats prevailed at bM from 3650-330 cal BP, after which wetlands expanded,
suggesting that a flood-based disturbance regime typified the upper delta for most
of the late-Holocene. Recently, the upper deltaic plain has been profoundly
disturbed by agriculture and other activities, rendering significant Toss of
habitat. It is believed that a flood-based disturbance regime will recur at MwT if
the levees surrounding the tract are intentionally breached as planned for
restoration, culminating in a variety of habitats similar to pre-agricultural
conditions. Concentrations of Hg, Pb, As, and P pollutants elevated several-fold in
surficial sediments are of particular concern, potentially becoming problematic
after restoration.

Brown, L. R., P.B. Moyle, W.A. Bennett, and B.D. Quelvog (1992). "Implications of
morphological variation among populations of California roach Lavinia symmetricus
(Cyprinidae) for conservation policy." Biological Conservation 62(1): 1-10.

The cCalifornia roach Lavinia symmetricus is a small cyprinid native to
Central california. Populations of roach are presently isolated from one another due
to degradation of stream habitats between them. wWe examined eight populations, each
from a tributary system of the San Joaquin River, to determine if morphological
differences existed among them. These tributaries are now isolated from one another
by dams or areas of unsuitable habitat. we found significant differences among
drainages for all of the characters studied. Discriminant analysis classified 70% of
the individuals to the correct drainage. The differences were not clinal because
adjacent drainages were not grouped together in discriminant space. The most
distinct population was as different from a nearby population (36 stream km) as from
populations from other more distant tributaries and could possibly merit subspecies
status. These results suggest that each population has been isolated long enough to
develop morphological adaptions to local environment conditions. With one exception,
the differences among the populations were too small for formal taxonomic
recognition but suggest that management should focus on preserving local populations
throughout the species' range, rather than scattered populations in a few reserves.
This policy would serve to protect the genetic diversity of California roach, Tocal
aquatic habitats, and other even more poorly known species.
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Brown, L. R., and P.B. Moyle (1993). "Distribution, ecology, and status of the
fiﬁhgs of the San Joaquin River drainage, California." cCalifornia Fish and Game
79(3): 96-114.

Brown, L. R. (1996). Aquatic biology of the San Joaquin-Tulare Basins, California:
agi]ysis of available data through 1992. washington D.C., U.S. Government Printing
office.

Brown, L. R. (1997). "Concentrations of chlorinated organic compounds in biota and
bed sediment in streams of the San Joaquin valley, cCalifornia." Archives of
Environmental Contamination and Toxicology 33(4): 357-368.

Samples of resident biota and bed sediments were collected in 1992 from 18
sites on or near the floor of the San Joaquin valley, california, for analysis of 33
organochlorine compounds. The sites were divided into five groups on the basis of
physiographic region and land use. Ten compounds were detected in tissue, and 15
compounds were detected in bed sediment. The most frequently detected compound 1in
both media was p,p’-DDE. Concentrations of >DDT (sum of o,p’- and p,p’ forms of DDD,
DDE, and DDT) were statistically different among groups of sites for both tissue and
sediment (Kruskal-wallis, p<0.05). Concentrations in both media were highest in
streams draining the west side of the valley. Concentrations of XDDT in tissue were
significantly correlated with specific conductance, pH, and total alkalinity
(p<0.05), which are indicators of the proportion of irrigation return flows in
stream discharge. Concentrations in sediment on a dry-weight basis were not
correlated with these water-quality parameters, but total organic carbon (TOC)
normalized concentrations were significantly correlated with specific conductance
and pH (p<0.05). Regressions of the concentration of ZDDT in tissue, as a function
of >DDT in bed sediment, were significant and explained up to 76% of the variance in
the data. The concentration of =DDT in sediment may be related to mechanisms of soil
transport to surface water with bioavailability of compounds related to the
concentration of TOC in sediment. The results of this study did not indicate any
clear advantage to using either bed sediment or tissues in studies of organochlorine
chemicals in the environment. Some guidelines for protection of fish and wildlife
were exceeded. Concentrations of organochlorine chemicals in biota, and perhaps
sediment, have declined from concentrations measured in the 1970s and 1980s, but
remain high compared to other regions of the United States.

Brown, L. R., and P.B. Moyle (1997). "Invading species in the Eel River, cCalifornia:
Successes, failures, and relationships with resident species.”" Environmental
Biology of Fishes 49(3): 271-291.
we examined invasions of non-native fishes into the Eel River, california.

At Teast 16 species of fish have been introduced into the drainage which originally
supported 12-14 fish species. our study was prompted by the unauthorized
introduction in 1979 of Sacramento squawfish, Ptychocheilus grandis, a large
predatory cyprinid. From 1986 to 1990, we conducted growth and diet studies of
squawfish, conducted intensive surveys of the distribution and habitat associations
of both native and introduced species, and examined the nature of species-habitat
and interspecies relationships. We found no evidence for increased growth or
expanded feeding habits, compared to native populations, of Sacramento squawfish as
they invaded the Eel River drainage. Ten of the introduced species were well
estabTlished, with four species Timited to a reservoir and six species established in
streams. The success or failure of introductions of stream species appeared to be a
function of the ability of a species to survive the fluctuating, highly seasonal,
flow regime. The present mixture of native and exotic species has not formed stable
fish assemblages but it seems Tikely that four habitat-associated assemblages will
develop. The overall effect of the successful species introductions has been to
assemble a group of species, with some exceptions, that are native to and occur
together in many California streams. The assemblages now forming are similar to
those found in other california streams. The assemblage characterized by squawfish
and suckers is Tikely to be resistant to invasion, in the absence of human caused
habitat modifications.

Brown, L. R. (2000). "Fish communities and their associations with environmental
variables, Tower San Joaquin River drainage, California." Environmental Biology of
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Fishes 57(3): 251-269.

Twenty sites in the lower San Joaquin River drainage, California, were
sampled from 1993 to 1995 to characterize fish communities and their associations
with measures of water quality and habitat quality. The feasibility of developing an
Index of Biotic Integrity was assessed by evaluating four fish community metrics,
including percentages of native fish, omnivorous fish, fish intolerant of
environmental degradation, and fish with external anomalies. Of the thirty-one taxa
of fish captured during the study, only 10 taxa were native to the drainage.
Multivariate analyses of percentage data identified four site groups characterized
by different groups of species. The distributions of fish species were related to
specific conductance, gradient, and mean depth; however, specific conductance acted
as a surrogate variable for a Targe group of correlated variables. Two of the fish
community metrics - percentage of introduced fish and percentage of intolerant fish
- appeared to be responsive to environmental quality but the responses of the other
two metrics - percentage of omnivorous fish and percentage of fish with anomalies -
were less direct. The conclusion of the study is that fish communities are
responsive to environmental conditions, including conditions associated with
human-caused disturbances, particularly agriculture and water development. The
results suggest that changes in water management and water quality could result in
changes in species distributions. Balancing the costs and benefits of such changes
poses a considerable challenge to resource managers.

Brown, L. R., and J.T. May (2000). "Macroinvertebrate assemblages on woody debris
and their relations with environmental variables in the lower Sacramento and San
ggiqggg River drainages, California." Environmental Monitoring and Assessment 64(1):

Data from 25 sites were used to evaluate associations between
macroinvertebrate assemblages on Targe woody debris (snags) and environmental
variables in the lower San Joaquin and Sacramento River drainages in California as
part of the U.S. Geological Survey's National water Quality Assessment Program.
Samples were collected from 1993 to 1995 in the San Joaquin River drainage and 1in
1996 and 1997 in the Sacramento River drainage. Macroinvertebrate taxa were
aggregated to the family (or higher) Tevel of taxonomic organization, resulting in
39 taxa for analyses. Only the 31 most common taxa were used for two-way indicator
species analysis (TWINSPAN) and canonical correspondence analysis (CCA). TWINSPAN
analysis defined four groups of snag samples on the basis of macroinvertebrate
assemblages. Analysis of variance identified differences in environmental and biotic
characteristics among the groups. These results combined with the results of CcCA
indicated that mean dominant substrate type, gradient, specific conductance, water
temperature, percentage of the basin in agricultural Tand use, percentage of the
basin in combined agricultural and urban land uses, and elevation were important
factors in explaining assemblage structure. Macroinvertebrate assemblages on snags
may be useful in family level bioassessments of environmental conditions in valley
floor habitats.

Brown, L. R. (2003). "An introduction to the San Francisco Estuary tidal wetlands
restoration series." San Francisco Estuary and Watershed Science 1: 1.

Abstract Restoration of tidal wetlands may provide an important tool for
improving ecological health and water management for benecial uses of the San
Francisco Estuary (hereafter \Estuary"). Given the Targe Tosses of tidal wetlands
from San Francisco Bay and the Sacramento-San Joaquin Delta in the last 150 years,
it seems logical to assume that restoring tidal wetlands will have benefits for a
variety of aquatic and terrestrial native species that have declined during the same
time period. However, many other changes have also occurred in the Estuary con-
current with the declines of native species. Other factors that might be important
in species declines include the effects of construction of upstream dams, large and
small water diversions within the Sacramento-San Joaquin Delta, agricultural
pesticides, trace elements from indus- trial and agricultural activities, and
invasions of alien species. Discussions among researchers, managers, and
stakeholders have identified a number of uncertainties regarding the potential
benets of tidal wetland restoration. The articles of the Tidal wetlands Restoration
Series address four major issues of concern. Stated as questions, these are: 1. will
tidal wetland restoration enhance populations of native shes? 2. will wetTand
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restoration increase rates of methylation of mercury? 3. will primary production and
other ecological processes in restored tidal wetlands result in net export of
organic carbon to adjacent habitats, resulting in enhancement of the food web? will
the carbon produced contribute to the formation of disinfection byproducts when
disinfected for use as drinking water? 4. will restored tidal wetlands provide
long-term ecosystem benets that can be sustained in response to ongoing physical
processes, including sedimentation and hydrodynamics? Reducing the uncertainty
surrounding these issues 1is of critical importance because tidal wet- Tand
restoration is assumed to be a critical tool for enhancement of native species and
ecosystem processes in the Estuary.

Brown, L. R. (2003). "potential effects of organic carbon production on ecosystems
and_dqinging water quality." San Francisco Estuary and watershed Science 1: Issue 1
Article 3.

Restoration of tidal wetlands in the Sacramento-San Joaquin Delta (Delta) is
an impor- tant component of the Ecosystem Restoration Program of the CALFED
Bay-Delta Program (CALFED). CALFED is a collaborative eort among state and federal
agencies to restore the ecological health and improve water management of the Delta
and San Francisco Bay (Bay). Tidal wetland restoration is intended to provide
valuable habitat for organisms and to improve ecosystem productivity through export
of various forms of organic carbon, including both algae and plant detritus.
However, the Delta also provides all or part of the drinking water for over 22
million Californians. In this context, increasing sources of organic carbon may be a
problem because of the potential increase in the production of trihalomethanes and
other disinfection by-products created during the process of water disinfection.
This paper reviews the existing information about the roles of organic carbon in
ecosystem function and drinking water quality in the Bay-Delta system, evaluates the
potential for interaction, and considers major uncer- tainties and potential actions
to reduce uncertainty. In the Tast 10 years, substantial progress has been made on
the role of various forms of organic carbon in both ecosystem function and drinking
water quality; however, interactions between the two have not been directly
addressed. Several ongoing studies are beginning to address these interactions, and
the results from these studies should reduce uncertainty and provide focus for
further research.

Brown, L. R. (2003). "A summary of the San Francisco tidal wetlands restoration
series.”" San Francisco Estuary and watershed Science 1: 6.

The four topical articles of the Tidal wetlands Restoration Series
summarized and syn- thesized much of what is known about tidal wetlands and tidal
wetland restoration in the San Francisco Estuary (hereafter "Estuary"). Despite a
substantial amount of available informa- tion, major uncertainties remain. A major
uncertainty with regard to fishes 1is the net benefit of restored tidal wetlands
relative to other habitats for native shes in different regions of the Estuary given
the presence of numerous invasive alien species. With regard to organic carbon, a
major uncertainty is the net benefit of land use change given uncertainty about the
quantity and quality of different forms of organic carbon resulting from different
Tand uses. A major challenge is determining the flux of organic carbon from open
systems Tike tidal wetlands. Con- verting present land uses to tidal wetlands will
almost certainly result in increased methylation of mercury at the local scale with
associated accumulation of mercury within local food webs. Howver, it is unclear if
such Tocal accumulation is of concern for fish, wildlife or humans at the local
scale or if cumulative effects at the regional scale will emerge. Based on available
information it is expected that restored tidal wetlands will remain stable once
constructed; however, there is uncertainty associated with the available data
regarding the balance of sed- iment accretion, sea-Tlevel rise, and sediment erosion.
There is also uncertainty regarding the cumulative effect of many tidal restoration
projects on sediment supply. The conclusions of the articles highlight the need to
adopt a regional and multidisciplinary approach to tidal wetland restoration in the
Estuary. The Science Program of the CALFED effort provides an appropriate venue for
addressing these issues.

Brown, L. R. (2003). "will tidal wetland restoration enhance populations of native
fishes?" San Francisco Estuary and watershed Science 1: Issue 1 Article 2.
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Restoration of tidal wetlands might enhance populations of native shes in
the San Fran- ] ) ) ) ]
cisco Estuary of California. The purpose of this paper is to: (1) review the
currently available ] ) ] ]
information regarding the importance of tidal wetlands to native shes in the san
Francisco
Estuar¥, (2) construct conceptual models on the basis of available information, (3)
identify
key areas of scientic uncertainty, and (4) identify methods to improve conceptual
models
a?d reduce uncertainty. There are few quantitative data to suggest that restoration
of tidal
wetlands will substantially increase populations of native shes. On a qualitative
basis, there ) ] ) ] ]
is some support for the idea that tidal wetland restoration will increase
populations of some ) o ] )
nat1¥e shes; however, the species deriving the most benet from restoration might not
be o
great management concern at present. Invasion of the San Francisco Estuary by alien
plants . . . .
and animals appears to be a major factor in obscuring the expected link between
tidal wetlands ) ]
and native shes. Large-scale adaptive management experiments (>100 hectares) appear
to
be the best available option for determining whether tidal wetlands will provide
signicant
benet to native shes. Even if these experiments are unsuccessful at increasing
native sh
populations, the restored wetlands should benet native birds, plants, and other
organisms.

Brown, L. R., and D. Michniuk (2007). "Littoral fish assemblages of the
alien-dominated Sacramento-San Joaquin Delta, California, 1980-1983 and 2001-2003."
Estuaries and Coasts 30(1): 186-200.

we analyzed monthly boat electrofishing data to characterize the littoral
fish assemblages of five regions of the Sacramento-San Joaquin Delta (northern,
southern, eastern, western, and central), California, during two sampling periods,
1980-1983 (1980s) and 2001-2003 (2000s), to provide information pertinent to the
restoration of fish populations in this highly altered estuary. During the 1980s,
almost 11,000 fish were captured, including 13 native species and 24 alien species.
During the 2000s, just over 39,000 fish were captured, including 15 native species
and 24 alien species. Catch per unit effort (CPUE) of total fish, alien fish, and
centrarchid fish were greater in the 2000s compared with the 1980s, largely because
of increased centrarchid fish CPUE. These differences in CPUE were associated with
the spread of submerged aquatic vegetation (SAV), particularly an alien aquatic
macrophyte,Egeria densa. Native fish CPUE declined from the 1980s to the 2000s, but
there was no single factor that could explain the decline. Native fish were most
abundant in the northern region during both sampling periods. Nonmetric
multidimensional scaling indicated similar patterns of fish assemblage composition
during the two sampling periods, with the northern and western regions characterized
by the presence of native species. The separation of the northern and western
regions from the other regions was most distinct in the 2000s. Our results suggest
that native fish restoration efforts will be most successful in the northern portion
of the Delta. Management decisions on the Delta should include consideration of
possible effects on SAV 1in littoral habitats and the associated fish assemblages and
ecological processes.

Brown, L. R. (2010). An update on the UC Santa Barbara workgroups. IEP 2010 Annual
workshop. workshop presentation at the california State University, Sacramento,
Sacramento, CA.

Brown, L. R., W. Bennett, R.W. wagner, T. Morgan-King, N. Knowles, F. Feyrer, D.H.
SchoelThamer, M.T. Stacey, and M. Dettinger (2013). "Implications for Future
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survival of Delta Smelt from Four Climate Change Scenarios for the Sacramento-San
Joaquin Delta, california." Estuaries and Coasts.

Changes in the position of the low salinity zone, a habitat suitability
index, turbidity, and water temperature modeled from four 100-year scenarios of
climate change were evaluated for possible effects on delta smelt Hypomesus
transpacificus, which is endemic to the Sacramento-San Joaquin Delta. The
persistence of delta smelt in much of its current habitat into the next century
appears uncertain. By mid-century, the position of the Tow salinity zone in the fall
and the habitat suitability index converged on values only observed during the worst
droughts of the baseline period (1969-2000). Projected higher water temperatures
would render waters historically inhabited by delta smelt near the confluence of the
Sacramento and San Joaquin rivers largely uninhabitable. However, the scenarios of
climate change are based on assumptions that require caution in the interpretation
of the results. Projections Tike these provide managers with a useful tool for
anticipating Tong-term challenges to managing fish populations and possibly adapting
water management to ameliorate those challenges.

Brown, L. R. and M. L. Bauer (2010). "Effects of hydrologic infrastructure on flow
regimes of cCalifornia's Central valley rivers: Implications for fish populations.”
River Research and Applications 26(6): 751-765.

Alteration of natural flow regimes 1is generally acknowledged to have
negative effects on native biota; however, methods for defining ecologically
appropriate flow regimes in managed river systems are only beginning to be
developed. Understanding how past and present water management has affected rivers
is an important part of developing such tools. In this paper, we evaluate how
existing hydrologic infrastructure and management affect streamflow characteristics
of rivers in the Central valley, cCalifornia and discuss those characteristics in the
context of habitat requirements of native and alien fishes. we evaluated the effects
of water management by comparing observed discharges with estimated discharges
assuming no water management (‘full natural runoff’). Rivers in the Sacramento River
drainage were characterized by reduced winter-spring discharges and augmented
discharges in other months. Rivers in the San Joaquin River drainage were
characterized by reduced discharges in all months but particularly in winter and
spring. Two largely unaltered streams had hydrographs similar to those based on full
natural runoff of the regulated rivers. The reduced discharges in the San Joaquin
River drainage streams are favourable for spawning of many alien species, which is
consistent with observed patterns of fish distribution and abundance in the Central
valley. However, other factors, such as water temperature, are also important to the
relative success of native and alien resident fishes. As water management changes in
response to climate change and societal demands, interdisciplinary programs of
research and monitoring will be essential for anticipating effects on fishes and to
avgid unanticipated ecological outcomes. Published in 2009 by John wiley & Sons,
Ltd.

Brown, L. R. and T. Ford (2002). "Effects of flow on the fish communities of a
regulated california river: implications for managing native fishes." River Research
and Applications 18(4): 331-342.

We assessed the importance of flow regime to the success of native and
non-native fish species by analysing winter/spring seining data collected from 1987
to 1997 on the resident fish communities of the lower Tuolumne River, california.
The data were analysed using regression models to predict the percentage of
non-native fish at a site. The regression models included various combinations of
the variables Tongitudinal location of the site, mean April/May stream discharge in
the year of sampling, and mean April/May stream discharge in the previous year.
Ccomparison of the models indicated that the best model included longitudinal
location and stream discharge in the previous year. This model is consistent with
the hypothesis that flow in the previous year differentially affects reproductive
success of native and non-native species and thus the resulting community sampled 1in
the following winter/spring. A detrended correspondence analysis of percentage
abundance species data identified a co-occurring group of native species and a
co-occurring group of non-native species with the non-native red shiner (Cyprinella
Tutrensis) grouping separately. The differing reproductive strategies of the species
were consistent with the hypothesis concerning spawning success. Our results
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indicate that flow regime is an important determinant of the reproductive success of
native and non-native fish species in regulated rivers. Manipulations of flow regime
are a potentially powerful tool for managing native fish species, but should be
considered in combination with other restoration efforts and in the context of
ecosystem restoration.

Brown, L. R., W. Kimmerer, et al. (2008). "Managing water to protect fish: a review
of California's Environmental Water Account." Environmental Management 43: 357-368.

The Sacramento-San Joaquin Delta, the landward reach of the San Francisco
Estuary, provides habitat for threatened delta smelt, endangered winter-run Chinook
salmon, and other species of concern. It is also the Tocation of huge freshwater
diversion facilities that entrain large numbers of fish. Reducing the entrainment of
listed fishes into these facilities has required curtailment of pumping, reducing
the reliability of water deliveries. we reviewed the first 5 years (2001-2005) of
the Environmental water Account (EWA), a program instituted to resolve conflicts
between protecting listed fishes and providing a reliable water supply. The EwA
provided fishery agencies with control over 0.2-0.4 km3 of water to be used for fish
protection at no cost to users of exported water, and fish agencies guaranteed no
disruption of water supply for fish protection. The EWA was successful in reducing
uncertainty in water supply; however, its contribution to the recovery of listed
fishes was unclear. We estimated the effectiveness of the EWA to be modest,
increasing the survival of winter-run Chinook salmon by 0-6% (dependent on prescreen
mortality), adult delta smelt by 0-1%, and juvenile delta smelt by 2-4%. Allocating
EwWA water for a single Tife stage of one species could provide Targer gains in
survival. An optimally allocated EWA of equal size to the median of the first 5
years could increase abundance of juvenile delta smelt up to 7% in the springs of
dry years. If the EWA 1is to become a Tong-term program, estimates of efficacy should
be refined. If the program is to be held accountable for quantitative increases 1in
fish populations, it will be necessary to integrate scientific, possibly
experimental, approaches.

Brown, L. R. and J. T. May (2000). "Macroinvertebrate assemblages on woody debris

and their relations with environmental variables in the lower Sacramento and San
goaqggg River drainages, California." Environmental Monitoring and Assessment 64(1):
11- .

Data from 25 sites were used to evaluate associations between
macroinvertebrate assemblages on large woody debris (snags) and environmental
variables in the lower San Joaquin and Sacramento River drainages in California as
part of the U.S. Geological Survey's National water Quality Assessment Program.
Samples were collected from 1993 to 1995 in the San Joaquin River drainage and in
1996 and 1997 in the Sacramento River drainage. Macroinvertebrate taxa were
aggregated to the family (or higher) Tevel of taxonomic organization, resulting in
39 taxa for analyses. only the 31 most common taxa were used for two-way indicator
species analysis (TWINSPAN) and canonical correspondence analysis (CCA). TWINSPAN
analysis defined four groups of snag samples on the basis of macroinvertebrate
assemblages. Analysis of variance identified differences in environmental and biotic
characteristics among the groups. These results combined with the results of cCcA
indicated that mean dominant substrate type, gradient, specific conductance, water
temperature, percentage of the basin in agricultural Tand use, percentage of the
basin in combined agricultural and urban Tand uses, and elevation were important
factors in explaining assemblage structure. Macroinvertebrate assemblages on snags
may be useful in family level bioassessments of environmental conditions in valley
floor habitats.

Brown, L. R. and J. T. May (2006). "variation in Spring Nearshore Resident Fish
Species Composition and Life Histories in the Lower San Joaquin watershed and
Delta." San Francisco Estuary and watershed Science 4(2): Article 1.

Brown, L. R. and D. Michniuk (2007). "Littoral fish assemblages of the
alien-dominated Sacramento - San Joaquin Delta, California, 1980-1983 and
2001-2003." Estuaries and Coasts 30(1): 186-200.
we analyzed monthly boat electrofishing data to characterize the littoral
fish assemblages of five regions of the Sacramento-San Joaquin Delta (northern,
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southern, eastern, western, and central), California, during two sampling periods,
1980-1983 (1980s) and 2001-2003 (2000s), to provide information pertinent to the
restoration of fish populations in this highly altered estuary. During the 1980s,
almost 11,000 fish were captured, including 13 native species and 24 alien species.
During the 2000s, just over 39,000 fish were captured, including 15 native species
and 24 alien species. Catch per unit effort (CPUE) of total fish, alien fish, and
centrarchid fish were greater in the 2000s compared with the 1980s, largely because
of increased centrarchid fish CPUE. These differences in CPUE were associated with
the spread of submerged aquatic vegetation (SAV), particularly an alien aquatic
macrophyte Egeria densa. Native fish CPUE declined from the 1980s to the 2000s, but
there was no single factor that could explain the decline. Native fish were most
abundant in the northern region during both sampling periods. Nonmetric
multidimensional scaling indicated similar patterns of fish assemblage composition
during the two sampling periods, with the northern and western regions characterized
by the presence of native species. The separation of the northern and western
regions from the other regions was most distinct in the 2000s. Our results suggest
that native fish restoration efforts will be most successful in the northern portion
of the Delta. Management decisions on the Delta should include consideration of
possible effects on SAV 1in littoral habitats and the associated fish Assemblages and
ecological processes.

Brown, L. R. and P. B. Moyle (1993). "Distribution, ecology, and status of the
ggsgis of the San Joaquin River drainage, California." California Fish and Game 79:
-114.

In 1985 and 1986 we sampled streams of the San Joaquin River drainage 1in
south-central california. The purposes of the survey were: (i) to see 1if further
declines in native fish populations had occurred since 1970 when they were last
surveyed; (ii) to verify the species distributions and species-habitat relationships
observed in previous studies; (iii) to verify the species assemblages observed in
previous studies; and (iv) to determine the status of the recently described Kern
brook Tamprey (Lampetra hubbsi). we also reviewed the status of the native fish
fauna as compared to pre-European times. Only 11 species of the original fauna of 19
species were found and only 6 of the 11 were common. Hardhead (Mylopharodon
conocephalus) and hitch (Lavinia exilicauda) were found in fewer localities than in
1970. The decline in hardhead was associated with an expansion of smallmouth bass
(Micropterus dolomieu) populations. Three assemblages of native species were
identified, in agreement with earlier studies. A fourth assemblage identified 1in
earlier studies, composed largely of introduced fishes, was divided into two
subgroups on the basis of our analysis. Each assemblage of species was associated
with a distinct set of habitat characteristics. Populations of Kern brook lamprey
were found in the Kaweah, Kings, San Joaquin, and Merced rivers. Lampreys were
absent from the lower reaches of the rivers and, except in the Kings River, were
only found below major dams. In the Kings River lampreys were captured above and
below Pine Flat Reservoir. Because the populations are restricted in range,
effectively isolated from one another, and all but one can be affected by reservoir
operations, special protection for them is warranted.

Brown, L. R. and P. B. Moyle (2005). "Native Fishes of the Sacramento-San Joaquin
Drainag§é8Ca1ifornia: A History of Decline." American Fisheries Society Symposium
45: 75- .
In this paper, we review information regarding the status of the

native fishes of the combined Sacramento River and San Joaquin River

drainages (hereinafter the "Sacramento-San Joaquin drainage") and the

factors associated with their declines. The Sacramento-San Joaquin

drainage is the center of fish evolution in california, giving rise to

17 endemic species of a total native fish fauna of 28 species. Rapid

changes in land use and water use beginning with the Gold Rush in the

1850s and continuing to the present have resulted in the extinction,

extirpation, and reduction in range and abundance of the native

fishes. Multiple factors are associated with the declines of native

fishes, including habitat alteration and loss, water storage and

diversion, flow alteration, water quality, and invasions of alien

species. Although native fishes can be quite tolerant of stressful
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physical conditions, in some rivers of the drainage the physical
habitat has been altered to the extent that it is now more suited for
alien species. This interaction of environmental changes and invasions
of alien species makes it difficult to predict the benefits of
restoration efforts to native fishes. Possible effects of climate
change on california's aquatic habitats add additional complexity to
restoration of native fishes. Unless protection and restoration of
native fishes is explicitly considered in future water management
decisions, declines are 1likely to continue.

Brown, L. R., P. B. Moyle, et al. (1992). "Implications of morphological variation
among populations of california roach Lavinia symmetricus (Cyprinidae) for
conservation policy." Biological Conservation 62(1): 1-10.

The california roach Lavinia symmetricus is a small cyprinid native to
Central california. Populations of roach are presently isolated from one another due
to degradation of stream habitats between them. wWe examined eight populations, each
from a tributary system of the San Joaquin River, to determine if morphological
differences existed among them. These tributaries are now isolated from one another
by dams or areas of unsuitable habitat. we found significant differences among
drainages for all of the characters studied. Discriminant analysis classified 70% of
the individuals to the correct drainage. The differences were not clinal because
adjacent drainages were not grouped together in discriminant space. The most
distinct population was as different from a nearby population (36 stream km) as from
populations from other more distant tributaries and could possibly merit subspecies
status. These results suggest that each population has been isolated long enough to
develop morphological adaptions to local environmental conditions. With one
exception, the differences among the populations were too small for formal taxonomic
recognition but suggest that management should focus on preserving local populations
throughout the species' range, rather than scattered populations in a few reserves.
This policy would serve to protect the genetic diversity of California roach, Tocal
aquatic habitats, and other even more poorly known species.

Brown, L. R., J. K. Thompson, et al. (2007). "population density, biomass, and
age-class structure of an invasive clam Corbicula fluminea in rivers of the Tower
Sag Jggquin River watershed, california." western North American Naturalist 67:
572-586.

Corbicula fluminea is well known as an invasive filter-feeding freshwater
bivalve with a variety of effects on ecosystem processes. However, C. fluminea has
been relatively unstudied in the rivers of the western United States. In June 2003,
we sampled C. fluminea at 16 sites in the San Joaquin River watershed of california,
which was invaded by C. fluminea in the 1940s. Corbicula fluminea was common in 2
tributaries to the San Joaquin River, reaching densities of 200 clams times m
super(-2), but was rare 1in the San Joaquin River. Biomass followed a similar
pattern. Clams of the same age were shorter in the San Joaquin River than in the
tributaries. Distribution of clams was different in the 2 tributaries, but the
causes of the difference are unknown. The low density and biomass of clams in the
San Joaquin River was Tikely due to stressful habitat or to water quality, because
food was abundant. The success of C. fluminea invasions and subsequent effects on
trophic processes Tikely depends on multiple factors. As C. fluminea continues to
expand its range around the world, questions regarding invasion success and effects
on ecosystems will become important in a wide array of environmental settings.

Brown, M., and D. Colby (2010). Juvenile salmonid habitat use of stream channel
restoration in Clear Creek: Longer-term observations related to sustainability. 6th
Biennial Bay-Delta Science Conference. workshop presentation at the Sacramento
convention Center, Sacramento, California.

The CALFED and CVPIA funded Lower Clear Creek Floodway Rehabilitation
Project is a multi-phase project, designed to restore 2.5 miles of stream channel
and floodplain habitat. while the project met its adult habitat goals, we evaluated
the secondary, juvenile-habitat goal of the project. Clear Creek is a high priority
watershed for CALFED, which has funded similar large-scale restoration projects 1in
other watersheds. Direct measurement of juvenile densities has rarely been performed
in these other projects. We evaluated two objectives: 1) attain average juvenile
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densities equal to or greater than control reaches, and 2) retain juvenile habitats
for at least 5 years, with juvenile densities twice those in the control reaches. We
conducted habitat use surveys in the spring of 2003, 2005, 2008 and 2010 to evaluate
the affect of the project on juvenile Chinook densities. our study focused on Phases
3A and 3B, which were completed in 2002 and 2007 respectively. The survey area
included two restoration phases and two control reaches. we estimated Chinook
numbers from underwater snorkel observations. we compared fish densities by reach,
restored versus unrestored, incorporated habitat features and presence of adjacent
riparian vegetation, using ANOVA and pairwise comparisons. Overall, juvenile
densities were Tower in restoration areas than in controls. Wwhile high juvenile
densities were sustained in Phase 3A, Phase 3B would benefit from additional
instream work. Phase 3B had significantly lower juvenile densities than other
reaches in part because performance of revetment rootwads in 3B declined. we
examined how differences in design, implementation or evolution of the rootwads may
result in differences in habitat structure, complexity, water velocity and
sustainability. The 3B rootwads and poor quality habitats would be improved by
adding suitable substrate, submerged shoreline vegetation, and additional woody
debris. This monitoring will be useful in adapting this and future projects.

Brown, R., S. Greene, et al. (1996). An evaluation of the effectiveness of fish
salvage operations at the intake to the California Aqueduct, 1979-1993. San
Francisco Bay: The ecosystem. J. T. Hollibaugh. San Francisco, American Association
for the Advancement of Science AAAS: 497-518.

we describe the results of the Tast 14 years of experience gained 1in
operating a Tlarge fish protection facility at the intake to the California Aqueduct
in the Sacramento-San Joaquin Delta. The Department of water Resources constructed
the behavioral barrier (louver) system in the Tate 1960s for a maximum flow of about
180m3/s. The facilities have since been modified extensively, and the capacity has
been increased to about 290m3s. Although more than 40 species of fish have been
entrained in the diversion, we focus on the facilities' effectiveness at screening
Chinook salmon. Screening efficiency varies with fish length, ranging from 70 to 80
percent of juvenile salmon about 100 m in Tength. Significant prescreen Tlosses
appear to be caused by subadult striped bass predation in a forebay in front of the
fish facility. Small additional losses occur due to handling in the salvage process
and when trucking the salvaged fish to Delta release sites about 40 kilometers from
the intake. We also briefly describe mitigation measures to offset direct losses of
Chinook salmon at the intake as well as actions that might be taken to reduce losses
of these and other fish.

Brown, R. T. (2010). Description and potential benefits of the Delta Corridors Plan.
IEP 2010 Annual workshop. Poster paper presented at the California State University,
Sacramento, Sacramento, CA.

Brown, T. (2009). Phytoplankton Community Composition: The Rise of the Flagellates.
IEP Newsletter. 22: 9.

Phytoplankton are an important component of the food web in the San
Francisco Estuary. Species composition is also important; shifts in the
phytoplankton community can have significant effects on the larger ecosystem. Recent
increases in phytoplankton biomass in parts of the estuary have not been accompanied
by corresponding increases in pelagic species. This suggests that species
composition of the phytoplankton may be playing a role. Phytoplankton community
composition was examined at several long-term monitoring stations in the estuary.
Chan%es in community composition were significant, and primarily due to just a
handful of taxa. Historically, the delta has been dominated by diatoms, but some
areas are now dominated by flagellate taxa. The implications of these changes are
discussed, and areas of further study identified.

Brown, T., and others (2009). water quality conditions in the Sacramento-San Joaquin
Delta and Suisun and San Pablo Bays during 2007. water Quality Conditions in the
Sacramento-San Joaquin Delta and Suisun and San Pablo Bays. Sacramento, CA,
California Department of water Resources: 173 pp.

Brown, T. (2010). 2008 Phytoplankton Community Composition. IEP Newsletter. 23: 5.
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Brown, T., and others (2010). water quality conditions in the Sacramento-San Joaquin
Delta and Suisun and San Pablo Bays during 2008, california Department of Wwater
Resources.

This report summarizes the results of water quality monitoring and special
studies conducted by the Environmental Monitoring Program (EMP) within the
Sacramento-San Joaquin Delta and Suisun and San Pablo bays (the upper San Francisco
Estuary) during calendar year 2008. This monitoring is mandated by water Right
Decision 1641 (D-1641) and this report is being submitted to fulfill the reporting
requirements of this decision.

The EMP monitored water quality using a protocol implemented in 1996. Under this
monitoring protocol, 13 sampling sites—2 of which were added after 1996-representing
8 regions of the upper San Francisco Estuary (Estuary) were monitored for 15
physical and chemical water quality parameters. The results gathered from the
sampling of these 15 parameters are described in this report. Parameters such as
water temperature, secchi disk depth, dissolved oxygen concentration, specific
conductance, dissolved inorganic nitrogen, orthophosphate, and volatile suspended
solids were within their historical range. Measured parameters exhibited seasonal
variation, as well as changes in response to significant rainfall events, or changes
in flow rates. In addition to monitoring physical and chemical water quality
parameters, biological sampling was conducted to monitor the productivity and
community composition of phytoplankton, zooplankton and benthic communities.

Chlorophyll a 1is the principal photosynthetic pigment and is common to all
phytoplankton. Chlorophyll a is thus used as a measure of phytoplankton biomass.
Samples for chlorophyll a and phytoplankton were taken at 13 sampling sites in the
Estuary. Chlorophyll a concentrations for 2008 showed seasonal patterns and were
generally below 10 pg/L for most regions and concentrations ranged between 0.76 ug/L
and 226.42 ug/L throughout the Estuary. Phytoplankton samples were collected using a
submersible pump from 1 meter below the water’s surface. All organisms collected 1in
2008 fell into twelve categories: centric diatoms, cyanobacteria, unidentified
flagellates, green algae, pennate diatoms, cryptomonads, euglenoids, haptophytes,
chrysophytes, unknown genus, dinoflagellates and synurophytes. Of the twelve groups
identified, centric diatoms, cyanobacteria, unidentified flagellates, chrysophyte
flagellates, cryptophyte flagellates, green algae and pennate diatoms constituted
96.88% of the organisms collected.

zoopTlankton were collected at 22 sampling sites in the estuary. The introduced
Hyperacanthomysis longirostris (formerly Acanthomysis bowmani) and the Neomysis
kadiakensis/japonica complex remained the two most abundant mysids, followed by the
native Alienacanthomysis macropsis and Neomysis mercedis. Pseudodiaptomus forbesi
was the most common calanoid copepod followed by the native Acartia spp. The
introduced Acartiella sinensis was third most abundant. The three most common
cyclopoid copepods remained the introduced Limnoithona tetraspina and Oithona
davisae, followed by the native Acanthocyclops vernalis. The three most abundant
cladocerans were Bosmina spp., Diaphanosoma spp. and Daphnia spp. Synchaeta spp. was
the most common rotifer, followed by Polyarthra spp. and Keratella spp. Limnoithona
tetraspina continued to be the most abundant zooplankton in the estuary.

Benthic monitoring was conducted at 10 stations throughout the Estuary to document
substrate composition and the distribution, diversity and abundance of benthic
organisms within the

Estuary. The benthic community was determined to be a diverse assemblage of
organisms including annelids (worms), crustaceans, aquatic insects and molluscs
(clams and snails). A1l organisms collected during 2008 fell into nine phyla:
Annelida, Arthropoda, Chordata, Cnidaria, Mollusca, Nemertea, Nematoda, Phoronida
and Platyhelminthes. of these nine phyla, Annelida, Arthropoda and Mollusca
constituted 99.1% of the organisms collected during the study period. Ten species in
these phyla represent 82.8% of all organisms collected during this period.

The EMP also conducted a series of special studies to monitor dissolved oxygen (DO)
levels within the Stockton Ship Channel during the late summer and early fall of
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2008. The studies were conducted to determine if DO levels dropped below Central
valley Regional water Quality Control Board and State water Resources Control Board
water quality objectives (5.0 mg/L and 6.0 mg/L, respectively) established for the
channel. Monitoring was conducted biweekly from June 16 to November 25 from
Prisoner’s Point in the central Delta to the Stockton Turning Basin at the eastern
terminus of the channel. Monitoring results showed DO concentrations varied Tittle
between regions within the channel (not including the turning basin), with an
overall range of 4.5 to 10.3 mg/L at the surface and 4.3 to 9.8 mg/L at the bottom.

Brunell, M. (2010). Low turbidity and high water quality correlated with Microcystis
in_the south Delta. IEP 2010 Annual workshop. workshop presentation at the
California State University, Sacramento, Sacramento, CA.

Brusati, E. D. and E. D. Grosholz (2006). "Native and Introduced Ecosystem Engineers
Produce Contrasting Effects on Estuarine Infaunal Communities." Biological Invasions
8(4): 683-695.

Cordgrasses 1in the genus Spartina are good examples of ecosystem engineers
that modify habitat structure in estuaries throughout the world. In San Francisco
Bay, California, USA, marshes containing native California cordgrass (Spartina
foliosa) are being invaded by a hybrid (s. alterniflora x S. foliosa) formed after
introduction of S. alterniflora. This study compared vegetation, sediment structure,
and infaunal invertebrates in native and invaded marshes. we hypothesized that
differences in the physical structure between S. foliosa and hybrid Spartina would
be reflected in differences in density, biomass, diversity, and taxonomic
composition of infauna. Hybrid Spartina modifies habitat structure more than S.
foliosa by producing taller stems, and greater plant biomass both above- and
belowground while occupying a much wider tidal range, thereby transforming open
mudflats to a vegetated habitat. In general, S. foliosa areas contained
significantly higher densities of benthic infauna than adjacent mudflats, while
hybrid Spartina areas never contained greater infaunal densities than mudflats. This
is because S. foliosa produces a moderate Tevel of structure that can facilitate
benthic invertebrates, whereas hybrid Spartina produces so much structure,
particularly belowground, that it actually excludes invertebrates. Therefore, we
suggest that these two closely related species both act as ecosystem engineers, but
with opposing effects on invertebrate communities.

Brusati, E. D. and E. D. Grosholz (2007). "Effect of native and invasive cordgrass
on Macoma petalum density, growth, and isotopic signatures." Estuarine, Coastal and
Shelf science 71(3-4): 517-522.

Ecosystem engineers can influence community and ecosystem dynamics by
controlling resources, modifying the flow of energy or biomass, or changing physical
characteristics of the habitat. Invasive hybrid cordgrass (Spartina
alternifloraxsSpartina foliosa) is an ecosystem engineer in salt marshes in San
Francisco Bay, California, U.S.A. that raises intertidal elevations and may be
either increasing C sub(4) plant carbon input into food webs or tying up carbon in a
form that is not usable by consumers. A manipulative experiment compared abundance,
growth, and stable isotope ( delta super(l) super(3)C and delta super(l) super(5)N)
composition of the clam Macoma petalum (=M. balthica) among native marsh, hybrid
Spartina, and mudflats in central San Francisco Bay. we found higher densities
(individuals m super(-) super(2)) of M. petalum on mudflats compared to either
native or hybrid Spartina (p<0.001). Macoma petalum shell growth was significantly
greater in mudflats than in either vegetation type in 2002 (p=0.005) but not 2003.
Differences in shell growth between native and hybrid Spartina were not significant.
Stable 1isotope results showed differences between habitats in delta super(1l)
super(3)C but not delta super(l) super(5)N. Carbon signatures of M. petalum placed
in Spartina were much more depleted than the isotopic signature of Spartina. Neither
native nor hybrid Spartina appears to be a significant carbon source for M. petalum
in San Francisco Bay, and we found no evidence that hybrid Spartina contributes
carbon to M. petalum beyond what is provided by S. foliosa, despite the hybrid's
much greater biomass. our results show that Toss of mudflat habitat, rather than
increased input of C sub(4) carbon, is the greatest effect of the invasion of hybrid
Spartina on M. petalum.
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Bryant, M., and K. Souza (2004). Summer Townet Survey and Fall Midwater Trawl Survey
Status and Trends. IEP Newsletter. 17: 4.
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Data, San Francisco Bay, California, water Years 2001-1002. IEP Newsletter. 16: 6.
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concentration data, San Francisco Bay, California, water Years 1992 and 1993.
Sacramento, CA, U.S. Geological Survey.

Buchanan, P. A. and D. H. Schoellhamer (1996). Summary of suspended-solids
concentration data, San Francisco Bay, California, water Year 1995. Sacramento, CA,
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Buchanan, P. A. and D. H. Schoellhamer (1998). Summary of suspended-solids
concentration data, San Francisco Bay, California, water Year 1996. Sacramento, CA,
U.S. Geological Survey.

Buchanan, P. A. and D. H. Schoellhamer (1999). Summary of suspended-solids
concentration data, San Francisco Bay, California, water Year 1997. Sacramento, CA,
U.S. Geological Survey.

Buchanan, P. A., D. H. Schoellhamer, et al. (1995). Summary of suspended-solids
concentration data, San Francisco Bay, California, water Year 1994. Sacramento, CA,
U.S. Geological Survey.

Buchanan, R., J. Skalski, D. vogel, and P. L. Brandes (2010). Survival and route
selection of juvenile chinook salmon in the southern Sacramento-San Joaquin River
Delta, 2009. 6th Biennial Bay-Delta Science Conference. Workshop presentation at the
Sacramento Convention Center, Sacramento, California.

Chinook salmon smolts have low survival through the Sacramento-San Joaquin
River Delta. Identifying management actions to improve survival requires detailed
information on the migration routes salmon take through the Delta, and on reaches
with high mortality. To address these questions, in 2009, 933 juvenile hatchery
fall/spring Chinook salmon smolts were tagged with HTI micro acoustic tags and
released in the San Joaquin River approximately 12 miles upstream of the confluence
with 0ld River, as part of the Vernalis Adaptive Management Program. Tagged smolts
were monitored at 18 fixed-site acoustic receivers located throughout the south
Delta. Acoustic-tag detections were analyzed with a release-recapture model to
estimate route entrainment probabilities at the head of 0ld River and survival
probabilities in key reaches of the San Joaquin and 0ld rivers. Mortality from the
release point to the head of 0ld River was estimated to be high (0.55, SE = 0.02) 1in
2009. Approximately half (53%, SE=3%) of the fish that arrived at 0ld River entered
that river. Of those fish, an estimated 11.5% (SE=2.3%) subsequently arrived at the
water export facilities, and less than 1% were detected downstream of the
facilities. For the smolts remaining in the San Joaquin River, estimated survival
was lowest from the Stockton Navy Bridge to Turner Cut (0.10, SE=0.03), but was
moderately high through the city of Stockton (0.78, SE = 0.04). overall, estimated
survival through the south Delta was 0.06 (SE=0.01). The low survival may be related
to high predation pressure from non-native fishes in key locations in the San
Joaquin and 01d rivers, possibly intensified by Tow flow conditions. Our information
can be used to inform management on the roles of flow and reach specific survival on
the passage of juvenile salmon migrating through the south Delta from the San
Joaquin basin.

Buck, K., B. Foli, S. Ussher, and K. Barbeau (2010). Copper speciation in the San
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Francisco Bay Delta and Estuary: Evaluating current and future likelihood of copper
toxicity events in a perturbed ecosystem. 6th Biennial Bay-Delta Science Conference.
Poster paper presented at the Sacramento Convention Center, Sacramento, California.

surface seawater samples were collected on 19 November 2008 from North San
Francisco Bay Delta and Estuary in collaboration with the U.S. Geological Survey
water Quality of San Francisco Bay monitoring program. Additional samples were
collected the following day from the San Joaquin River (Mossdale boat Taunch) and
Suisun Slough (Suisun City boat Taunch). Trace metal clean protocols were employed
throu%hout sampling and sample processing to avoid sample contamination. A1l samples
were filtered through 0.4 um pore size polycarbonate track-etched (PCTE) membrane
filters in a clean lab. Competitive Tigand exchange-adsorptive cathodic stripping
voltammetry (CLE-ACSV) was used to determine total dissolved copper and copper
speciation, and to evaluate the potential for copper toxicity in these waters.
Graphite furnace atomic absorption spectrometry (GFAAS) was used to measure
leachable particulate copper and zinc concentrations from a 25% acetic acid Teach of
suspended sediments collected on sample filters. Concentrations of leachable
particulate copper and zinc, as well as dissolved copper, were elevated in all
estuarine samples above adjacent coastal seawater. However, complexation by strong
organic ligands dramatically reduced the bioavailability of dissolved copper with
high concentrations of weaker organic ligands buffering against copper toxicity at
increasing copper concentrations.

Buck, K. N. and K. W. Bruland (2005). "Copper speciation in San Francisco Bay: A
ngve]ggpproach using multiple analytical windows." Marine Chemistry 96(1-2):
185-198.

Dissolved copper speciation and total dissolved copper concentrations were
determined at six San Francisco Bay sites in January and March of 2003. Multiple
analytical windows were incorporated into an established competitive Tigand
exchange-adsorptive cathodic stripping voltammetry (CLE-ACSV) method, which employs
salicylaldoxime (SA) as the added competitive Tigand for speciation analyses. The
titration results were integrated into [Cu sub(T) super(*)] versus log [Cu super(2)
super(+)] plots, combining data from each of the different competing ligand
concentrations and providing a powerful approach to visually interpret the variation
in [Cu super(2) super(+)] as the natural Cu-binding ligands in the sample are
titrated over a wide range of [Cu sub(T)]. In addition, the data for different
analytical windows were interpreted with Langmuir and Scatchard linearization
techniques to estimate natural Cu-binding ligand concentrations [L sub(i)] and
conditional stability constants K sub(C) sub(u) sub(L) sub(i) sub(,) sub(C) sub(u)
sub(@u sub(2) sub(@u sub(+) super(c) super(o) super(n) super(d). All results
indicate that ambient Tigand concentrations exceed total dissolved copper
concentrations at each site, with dissolved copper greater than 99.9% complexed by
the strong copper-binding L sub(1l) 1ligand class. The [Cu super(2) super(+)] does not
exceed 10 super(-) super(l) super(3) M at any site, a concentration sufficiently
below the toxicity threshold for microorganisms. Thus, the excess of strong
Cu-binding Tigands appears to effectively buffer free Cu super(2) super(+) at low
concentrations and the existing levels of copper do not impair San Francisco Bay.

Buck, K. N., M. C. Lohan, et al. (2007). "Dissolved iron speciation in two distinct
river plumes and an estuary: Implications for riverine iron supply." Limnology and
Oceanography 52(2): 843-855.

Dissolved iron (Fe) speciation in the Columbia River plume, the San
Francisco Bay plume, and the Columbia River estuary was investigated using
competitive ligand exchange-adsorptive cathodic stripping voltammetry (CLE-ACSV)
with the added Tigand salicylaldoxime. A stronger L sub(l)-type Fe-binding Tigand
class was measured in_all surface samples, and in the Columbia River estuary. A
weaker L sub(2)-type Tigand class was present in the far-field Columbia River plume
and the San Francisco Bay plume but was not observed in the low-salinity (S =
1.4-22.5) waters of the near-field Columbia River plume or estuary. Concentrations
of total dissolved Fe were correlated with the concentrations of the stronger L
sub(1)-type ligand in nonestuarine (S > 13) surface samples. Leachable particulate
(>0.4 mu m) Fe concentrations in the Columbia River plume were measured to
supplement existing data from the San Francisco Bay plume. There is a Tlarge
concentration of readily leachable particulate Fe in the two plumes, yet it is the
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concentration of ambient L sub(l)-type ligands that appears to dictate the
concentration of dissolved Fe in these waters and, consequently, the supply of
dissolved Fe to neighboring coastal waters. The correlation between dissolved Fe and
L sub(1l) Tigand concentrations in both plume waters, as well as in California
Current and upwelled surface waters, suggests that this relationship will persist in
other coastal environments and should be considered when evaluating and modeling
coastal Fe cycling and supply.

Buck, K. N., J. R. M. Ross, et al. (2007). "A review of total dissolved copper and
155(c?emica; speciation in San Francisco Bay, California." Environmental Research
105(C1): 5-19.

Following basin-wide contamination from industrial emissions and urban
development, total dissolved copper concentrations in some regions of San Francisco
Bay have exceeded national and state guidelines for water quality. In the face of
dramatic improvements in wastewater treatment and point source control, persisting
elevated dissolved copper concentrations in the Bay have prompted multiple studies
and extensive monitoring of this estuary since 1989. Statistical analyses of
monitoring data show that total dissolved copper concentrations have declined in the
North (by 17%) and South (29%) San Francisco Bay as well as in the Southern Sloughs
(44%) from 1993 to 2001. Concentrations remain elevated in the farthest reaches of
the Bay (Delta and Estuary Interface), and in the Central Bay. Dissolved copper
concentrations throughout the Bay have also been positively correlated (r=0.632,
P<0.0005, n=598) with dissolved organic matter, supporting results from
complimentary chemical speciation studies which indicate that high-affinity
copper-binding organic Tigands dominate the chemical speciation of dissolved copper
in the Bay. These organic ligands typically bind>99.9% of the dissolved copper,
effectively buffering the system against small changes in dissolved copper
concentrations, and maintaining free Cu super(2) super(+) concentrations well below
the toxicity threshold of ambient aquatic microorganisms. In response to these
findings, site-specific water quality criteria for dissolved copper concentrations
are now being developed by the Regional water Quality Board to provide a more
appropriate standard for copper toxicity in the Bay-one based on its chemical
speciation and bioavailability.

Bugg, R., T. Strange, and J. Davidge (2010). Biohaven® Floating Islands to enhance
the ecology of the Sacramento-San Joaquin Delta and San Francisco Bay. 6th Biennial
Bay-Delta Science Conference. Poster paper presented at the Sacramento Convention
Center, Sacramento, California.

Biohaven® Floating Islands are composed of spun, recycled polyester plastic
(types 1 and 2) or of natural fibers (e.g. coir) and can be used to address several
of the key problems of the Sacramento-San Joaquin Delta. Natural floating islands
(also termed batteries, floatons, sudds, or tussocks) still occur in parts of the
Delta, arising through de-lamination of peat and subsequent colonization by vascular
plants. Large Biohaven© Floating Islands (0.5 acre and 1 acre) have been Taunched 1in
Siskiyou lakes and are providing viable nesting sites for Caspian tern. Smaller
Biohaven® Floating Islands have been used to simulate natural floating islands or
submerged vegetated undercut banks in Takes and streams, providing habitat for
salmonid and other fishes. A range of California native riparian and emergent plants
can readily be established and maintained. Potential functions of artificial
floating islands include providing: (1) spot habitat for salmonid fishes in flooded
tracts and main channels; (2) macrophyte-based primary productivity to support
Tittoral and pelagic organisms of interest; (3) floating wetlands for wastewater
treatment facilities to reduce ammonium and phosphorus discharges; (4) nesting and
roosting sites for birds and haul-out sites for marine mammals; and (5) buffers for
managing tidal, fluvial, wave, and wake energy. A key advantage of floating islands
over conventional re-vegetation of Tevees is that floating islands will not impair
thedsgructura1 integrity of levees, and can be easily towed to new locations as
needed.

Bumgardner, J., C. Malone, L.F. walker, and R.F. Shanks (1993). "Use of Monte Carlo
techniques to assess POTW compliance with EPA water quality criteria for heavy
metals." water Environment Research 65(5): 674-678.
This paper presents the results of a study (Larry walker Associates, 1990)
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to determine the nature of additional controls necessary for the Sacramento Regional
wastewater Treatment Plant (Regional Plant) to comply with the numeric water quality
objectives for metals recently adopted by the State of California. In addition, the
impact of Regional Plant effluent on Sacramento River metals concentrations is
examined, and the costs of compliance with the new objectives are estimated. Monte
Carlo techniques are used to determine the ability of the Regional Plant to achieve
the metals objectives and the effects of treatment plant discharge on receiving
water metal concentrations. Frequency distributions of advanced treatment
efficiencies, such as Time precipitation and reverse osmosis, are used to simulate
effluent concentration reductions that are potentially achievable. The costs
associated with the additional treatment required to meet objectives are estimated
using published cost estimates for advanced treatment plants of similar size.
Results show that currently, the Regional Plant does not meet objectives for
cadmium, copper, mercury, and zinc. Furthermore, the additional treatments evaluated
would not completely eliminate violations of the copper and mercury objectives.

Burau, J. R. (1998). Results from the hydrodynamic element of the 1994 entrapment
zone study in Suisun Bay. Report of the 1994 Entrapment Zone Study. W. J. Kimmerer.
Sacramento, CA, Interagency Ecological Program for the San Francisco Estuary. 56:
pp. 13-62.

Burau, J. R. (2010). Muddy waters: A discussion of recent turbidity measurements in
the Delta. IEP 2010 Annual workshop. workshop presentation at the California State
University, Sacramento, Sacramento, CA.

Burau, J. R. and R. T. Cheng (1989). "A general method for generating bathymetric
data for hydrodynamic computer models."

Burnett, R., A. Young, and J. Souza (2010). Restoring riparian habitat on altered
floodplains by integrating vegetation and avian monitoring. 6th Biennial Bay-Delta
Science Conference. Workshop presentation at the Sacramento Convention Center,
Sacramento, California.

Much of the information on riparian habitat restoration in the Central
valley is based on in-tact floodplains with productive soils. The Lower Clear Creek
Floodway Rehabilitation Project in Shasta County, California, was designed to
restore the stream channel and floodplains that have been severely impacted by
aggregate and dredger gold mining and altered flood flows due to Whiskeytown Dam.
Floodplains were re-constructed with coarse dredge tailings and floodplain deposits
placed on top of an undulating clay pan with a perched water table. Original
restoration sites were designed and planted using evenly spaced cuttings of riparian
trees (e.g. willows and cottonwood) on topographically uniform surfaces. This
approach has been successful in establishing these cuttings, but the Tow
productivity of the coarse soils coupled with sediment-starved post-restoration
flood flows has Tlimited the amount of natural recruitment. Monitoring results show
these sites are only being used by a Timited number of bird species primarily due to
a lack of a dense understory typical of early successional riparian habitat.
Integrating monitoring results from vegetation and avian monitoring has resulted in
changes to restoration design in subsequent phases. Based on these results the most
recent phase of restoration has increased the extent of features that have proven
successful in prior phases such as save areas of mature vegetation, extensive scour
channels, and backwaters. In addition, site assessments are being conducted
post-floodplain construction in order to revise planting methods to provide riparian
vegetation that provides the necessary nesting habitat for birds. By integrating
avian and vegetation monitoring we have been able to adapt restoration designs to
ensure that the needs of a suite of riparian-dependent species are being met. The
Clear Creek restoration project has provided important information for %1oodp1a1n
;esggraﬁion using dredger tailings and an effective model of monitoring and adaptive

eedback.

Burns, J. W. (1975). The upper Sacramento River: 1Its problems and a plan for its
protection, California Department of Fish and Game.

Burns, M., K. Gandhi, T. Hunziker, and T. Hamaker (2010). The Tarinier fish passage:
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Implementing “new” technology to facilitate steelhead fisheries restoration in
Alameda Creek Flood Control Channel. 6th Biennial Bay-Delta Science Conference.
workshop presentation at the Sacramento Convention Center, Sacramento, California.

Steelhead restoration efforts within the Alameda Creek watershed initially
targeted Rubber Dam 2, which is owned and operated by Alameda County water District,
for removal. However, a hydraulic analysis of the creek system indicated that the
dam’s concrete foundation provides channel stabilization and grade control and
therefore cannot be removed. The concrete foundation creates a three foot grade drop
within the channel, which causes delay for steelhead migrating through the flood
control channel. Traditional fish passage technologies were evaluated and eliminated
due to the low-flow design requirement of 20 to 100 cubic feet per second and
ephemeral characteristics of the creek. Non-traditional fish passage technologies
were also evaluated. The Super-Active Baffle Fish Passage, also referred to as the
Larinier Fish Passage, was identified as a possible technology. This passage is
commonly used in France, England, and wales but there are no known installations in
North America. The baffles within the Larinier Fish Passage create helical currents
that rapidly dissipate energy, thus decreasing the flow velocity throughout the
baffled area. This drop in velocity allows fish to pass through the ba%f1ed area if
their ability to swim, which is species specific, matches the passage design. A
hydraulic model was developed to confirm that the Lariner Fish Passage could be
designed to meet the flow regimes in Alameda Creek Flood Control Channel. These
results, along with empirical data from the installations in Europe, were sufficient
to gain approval to install the Larinier Fish Passage from stakeholders and
regulatory agencies. Design and construction was completed in October 2009. The
Larinier Fish Passage is a “new” fish passage concept that can be utilized to
facilitate steelhead fisheries restoration. It has the potential to be particularly
effective in california, where ephemeral flows are common.

Byrne, R., B. L. Ingram, et al. (2001). "cCarbon-isotope, diatom, and pollen evidence
for late holocene salinity change in a brackish marsh in the San Francisco Estuary."
Quaternary Research 55(1): 66-76.

Analysis of diatoms, pollen, and the carbon-isotopic composition of a
sediment core from a brackish marsh in the northern part of the San Francisco
Estuary has provided a paleosalinity record that covers the past 3000 yr. Changes 1in
marsh composition and diatom frequencies are assumed to represent variations in
freshwater inflow to the estuary. Three periods of relatively high salinity (Tow
freshwater inflow) are indicated, 3000 to 2500 cal yr B.P., 1700 to 730 cal yr B.P.,
and ca. A.D. 1930 to the present. The most recent period of high salinity is
primarily due to upstream storage and water diversion within the Sacramento-San
Joaquin watershed, although drought may also have been a factor. The two earlier
high-salinity periods are 1likely the result of reduced precipitation. Low salinity
(high freshwater flow) is indicated for the period 750 cal yr B.P. to A.D. 1930.
Copyright 2001 university of washington.

caffrey, J. M., D.E. Hammond, J.S. Kuwabara, L.G. Miller, and R.R. Twilley (1996).
Benthic processes in South San Francisco Bay: The role of organic inputs and
bioturbation. San Francisco Bay: The ecosystem. J. T. Hollibaugh. San Francisco,
CA, American Association for the Advancement of Science: 425-442.

caffrey, 3. M., J.E. Cloern, and C. Grenz (1998). "Changes 1in production and
respiration during a spring phytoplankton bloom in San Francisco Bay, California,
US%: Img]ications for net ecosystem metabolism." Marine Ecology Progress Series
172: 1-12.

we present results of an intensive sampling program designed to measure
weekly changes in ecosystem respiration (oxygen consumption in the water column and
sediments) around the 1996 spring bloom in South San Francisco Bay, California, USA.
Measurements were made at a shallow site (2 m, where mean photic depth was 60% of
the water column height) and a deep site (15 m, mean photic depth was only 20% of
the water column). we also estimated phytoplankton primary production weekly at both
sites to develop estimates of net oxygen flux as the sum of pelagic production (PP),
pelagic respiration (PR) and benthic respiration (BR). Over the 14 wk period from
February 5 to May 14, PP ranged from 2 to 210, PR from 9 to 289, and BR from 0.1 to
48 mmol 02 m-2 d-1, illustrating large variability of estuarine oxygen fluxes at the
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weekly time scale. Pelagic production exceeded total respiration at the shallow
site, but not at the deep site, demonstrating that the shallow domains are net
autotrophic but the deep domains are net heterotrophic, even during the period of
the spring bloom. If we take into account the potential primary production by
benthic microalgae, the estuary as a whole is net autotrophic during spring, net
heterotrophic during the nonbloom seasons, and has a balanced net metabolism over a
full annual period. The seasonal shift from net autotrophy to heterotrophy during
the transition from spring to summer was accompanied by a large shift from dominance
by pelagic respiration to dominance by benthic respiration. This suggests that
changes in net ecosystem metabolism can reflect changes in the pathways of energy
flow in shallow coastal ecosystems.

Caffrey, J. M., D. E._Hammond, et al. (1996). Benthic processes in south San
Francisco Bay: the role of organic inputs and bioturbation. San Francisco Bay: The
Ecosystem. J. T. Hollibaugh. San Francisco, AAAS: 425-442.

Cain, D. J., J.L. Carter, S.V. Fend, S.N. Luoma, C.N. Alpers, and H.E. Taylor
(2000). "Metal exposure in a benthic macroinvertebrate, Hydropsyche californica,
related to mine drainage in the Sacramento River." Canadian Journal of Fisheries and
Aquatic Sciences 57(2): 380-390.

A biomonitoring technique was employed to complement studies of metal
transport in the upper Sacramento River affected by acid mine drainage. Metals (Al,
Ccd, Cu, Fe, Hg, Pb, and zn) were determined in a resident invertebrate, Hydropsyche
californica (Insecta: Trichoptera), and streambed sediments (<62 mum) to assess
metal contamination within a 111-km section of the river downstream of the mining
area. Metals in H. californica also were interpreted to be broadly indicative of
metal exposure in fish. Total Hg was determined in the whole body of the insect,
whereas Al, cd, Cu, Fe, Pb, and zZn were additionally separated into operationally
defined cytosolic (used as an indicator of exposure to bioavailable metal) and
particulate fractions. Total concentrations of Cd, Cu, Hg, Pb, and zn in sediments
were consistent with documented upstream sources of acid mine drainage. Metal
distribution patterns in H. californica and sediments were generally consistent for
Cd, Cu, and Pb but inconsistent for Hg and zn. Concentrations in H. californica
indicated that bioavailable Ccd, Cu, Pb, and zn was transported at Teast 120 km
downstream of the mine sources. zinc in H. californica was elevated, but unlike
sediments, did not decrease downstream. Mercury in H. californica was not elevated.

Cain, D. J. and S. N. Luoma (1985). "Copper and silver accumulation in transplanted
and resident clams (Macoma balthica) in south San Francisco Bay." Marine
environmental research 15(2): 115-135.

Accumulation of Cu and Ag by soft tissues of the deposit-feeding clam Macoma
balthica was Tess than half in clams transplanted to a contaminated area than 1in
clams native to that area. During a period of tissue growth, the transplants
retained 50% and 90%, respectively, of the net Cu and Ag accumulated, but Toss of
metals from soft tissue by the resident population equalled net accumulation. Copper
accumulation in the transplants did not occur during some periods when increases 1in
the metal body burden of the resident population indicated that environmental
exposures were high. The difference in metal accumulation of the two groups of clams
may be the result of past environmental exposures. The results illustrate some
Timitations of using transplants as indicators of pollution events or of pollutant
impact upon resident populations.

Cain, D. J. and S. N. Luoma (1986). "Effect of seasonally changing tissue weight on
trace metal concentrations in the bivalve Macoma balthica in San Francisco Bay."
Marine Ecology Progress Series 28(3): 209-217.

The influence of seasonal changes in the weight of soft tissues on temporal
fluctuations in tissue concentrations of Cu and zn was examined in 4 populations of
the clam Macoma balthica sampled in San Francisco Bay for a period of 2 to 5 yr.
Fluctuations in metal concentration expected from changes in tissue weight between
sampling dates were estimated by assuming that whole body metal burden was constant
during the sampling interval. Comparison of estimated and actual metal
concentrations showed that the degree to which fluctuations in trace metal
concentrations were driven by weight changes differed considerably among stations,
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among years at a single station, and between metals.

Cain, D. J. and S. N. Luoma (1990). "Influence of seasonal growth, age, and
environmental exposure on Cu and Ag in a bivalve indicator, Macoma balthica , in San
Francisco Bay." Marine Ecology Progress Series. 60: 1-2.
Temporal and spatial variations in Cu and Ag in the deposit-feeding clam

Macoma balthica and in surficial sediments were analysed at 8 stations in San
Francisco Bay at near-monthly intervals for periods ranging from 3 to 10 yr during
1977 to 1986. Strong seasonal variations in metal concentrations of M. balthica were
associated with seasonal variations in soft tissue weight. Aperiodic fluctuations in
metal concentrations appeared to be driven by changes in metal content of the soft
tissues. Metal content of clams of standard shell length was Tess variable than
tissue metal concentrations, and generally followed changes in the concentrations of
Cu and Ag 1in the sediments. Correlations between metal content and sediment
%onceﬂtrations were improved when content was standardized to age rather than shell
ength.

Calhoun, A. J. (1952). "Annual migrations of california striped bass." california

Fish and Game 38: 391-403.

California Department of Fish and Game (CDFG) (1987). Factors affecting striped bass
abundance in the Sacramento-San Joaquin River system. Sacramento CA, Interagency
Ecological study Program for the Sacramento-San Joaquin Estuary: 149 pages plus
appendices.

California Department of Water Resources (CDWR) (1994). california Central valley
unimpaired flow data (October 1020 through September 1992). Sacramento, California
Department of water Resources: 54.

This report outlines the procedure DWR uses to determine unimpaired Delta
outflow. It explains the
methods and assumptions used for estimating the unimpaired flow for 24 sub-basins in
the Central valley.
The unimpaired flow to the Delta is the sum of the unimpaired flow estimates of the
24 sub-basins. The
Delta region is one of the 24 sub-basins.

callaway, J., E. Borgnis, G. Turner, C. Milan, and J. Drexler (2010). Sediment
accretion and carbon sequestration in San Francisco Bay salt and brackish tidal
wetlands. 6th Biennial Bay-Delta Science Conference. Workshop presentation at the
Sacramento Convention Center, Sacramento, California.

wWe are measuring rates of sediment accretion and carbon sequestration in
eight natural salt and brackish tidal wetlands in the San Francisco Bay Estuary.
This research is motivated by the need understand long-term stability of tidal
wetlands in the face of sea-level rise and to provide background data to predict
long-term rates of carbon sequestration in restored wetlands within the Estuary, as
California is currently evaluating the possibility of assigning carbon trading
credits for wetland restoration. Our sites cover South SF Bay (three sites), North
SF Bay (three sites) and Suisun Bay (two sites), representing the geographical range
of the Estuary as well as serving as analogs for long-term carbon sequestration in
restored wetlands across the Estuary. We are collecting six cores at each site (two
transects with three stations each). This approach is designed to allow us to
identify spatial variation both within and among wetlands in the Estuary. Cores are
being dated using 137Cs and 210Pb profiles. Long-term sediment accretion rates from
the South Bay sites have ranged primarily from 0.3 to 0.9 cm/yr, while North Bay
sites are closer to 0.1 to 0.3 cm/yr, Teaving most sites close to or slightly above
current rates of sea-Tevel rise. However, many sites could experience increased
rates of inundation under predicted rates of future sea-Tlevel rise, potentially
leading to long-term conversion of wetlands to open-water or mudflats. Carbon
sequestration rates have averaged approximately 50 g/m2/yr over the 100 year time
span of 210Pb and are slightly higher for 137Cs-based dates. One South SF Bay site
has accumulated over 100 g/m2/yr C; however, most of the high rates of sequestration
are based on 137Cs dating.
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callaway, J., V. T. Parker, L. Schile, E. Herbert, E. Borgnis, and L. Porcella
(2010). sediment dynamics at the island ponds: indications from early salt pond
restoration. 6th Biennial Bay-Delta Science Conference. Workshop presentation at the
Sacramento Convention Center, Sacramento, California.

Many potential wetland restoration sites, including the South Bay salt
ponds, have subsided substantially; if Tevees are breached, significant sediment
accumulation will be necessary to reach threshold elevations for plant
estabTlishment. In order to evaluate the early phases of salt pond restoration, we
monitored sediment dynamics at the Island Ponds, with spatially intensive sampling
at Pond A21 (westernmost pond) and less intensive sampling at A20 and Al9
(easternmost). We measured vertical rates of sedimentation using both the gypsum
layer that 1is present across these ponds as a sediment marker and sediment pins.
Measurements were made at 1, 3, and 6 mo and then annually at A21 and annually at
A20 and A19. over the first year, we measured mass-based rates of short-term
sedimentation at A21, using a modified filter-paper method over two-week tidal
periods every two months. We also monitored plant recruitment through general
observations at the ponds. There has been substantial sediment accumulation within
Pond A21 since breaching in 2006, with approximately 12-14 cm of sediment
accumulating over the first year in most of the southern half of A21, and variable
but lower rates in the northern half of the pond. Short-term, mass-based
accumulation rates over the first year reflected similar spatial variability across
A21. Sedimentation rates at A21 decreased in the second and third year but still
were high compared to well-established marshes. On the broader spatial scale,
sediment accumulation rates decreased from the west to east, with high rates at A21
and A20 and the Towest rates at Al1l9 across all years. Plant recruitment was highest
at pond A21; in year two, recruitment within A21 was patchy with plants growing
primarily along channel and barrow ditch edges. Substantially more vegetation
regruited in year three at Pond A21, but vegetation remains very patchy at A20 and
Al9.

callaway, J. C. (2005). "The challenge of restoring functioning salt marsh
ecosystems." Journal of Coastal Research Sp. Iss. 40: 24-36.

Substantial improvements have been made in the restoration of coastal salt
marshes over the Tast decade; however, many challenges remain. Some opportunities
for improving restoration efforts include: I. Increasing our understanding of the
development of restored salt marsh ecosystems over time, especially in comparison to
natural marsh development; and identifying the Timiting factors that restrict the
development of restored salt marshes. If. Considering the role of plant species
diversity in restored salt marshes. Recent research at Tijuana Estuary has
demonstrated that there is a significant effect of plant species diversity on the
development of ecosystem functions in a restored salt marsh; further study of these
effects is warranted in other salt marsh ecosystems. III. Evaluating the link
between physical heterogeneity and ecosystem function. Small-scale changes in
physical factors, such as elevation or hydrology, are likely to have substantial
effects on the development of ecosystem function in restored salt marshes, and these
factors should be considered in restoration design. IV. Addressing the potential
impacts of exotic plants within restored marshes. Exotic species remain a
substantial problem in many restored ecosystems; better efforts are needed to
identify appropriate methods to control exotic plants. V. Incorporating scientific
approaches into restoration efforts. Rigorously designed scientific experiments that
identify cause-effect relationships for the development of restored salt marshes
could substantially improve the design, implementation, and monitoring of
restoration projects.

Ccallaway, J. C. and M. N. Josselyn (1992). "The introduction and spread of smooth
gogdgggss (Sspartina alterniflora) in south San Francisco Bay." Estuaries 15(2):
18- .

Spartina alterniflora was first introduced into south San Francisco Bay 1in
the 1970's. Since that time it has spread to new areas within the south bay and is
especially well established at four sites. The spread of this introduced species was
evaluated by comparing its vegetative and reproductive characteristics to the native
cordgrass, Spartina foliosa . The characters studied were intertidal distribution,
phenology, aboveground and belowground biomass, growth rates, seed production, and
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germination rates. Spartina alterniflora has a wider intertidal distribution than S.
foliosa and outproduced the native cordgrass in all aspects that were studied. These
results indicate that the introduced species has a much better chance of becoming
established in new areas than the native species, and once established, it spreads
more rapidly vegetatively than the native species. Spartina alterniflora is likely
to continue to spread to new areas in the bay and displace the native plant. In
addition, this introduced species may affect sedimentation dynamics, available
detritus, benthic algal production, wrack deposition and disturbance, habitat
structure for native wetland animals, benthic invertebrate populations, and
shorebird and wading bird foraging areas.

callaway, J. C., V. Parker, et al. (2007). "Emerging Issues for the Restoration of
;;da; garsh Ecosystems in the Context of Predicted Climate Change." Madrono 54(3):
4-248.

There is currently a large regional effort to restore tidal marsh ecosystems
in the San Francisco Bay-Delta Estuary involving the commitment of hundreds of
millions of dollars and broad landscape-scale habitat manipulations. Although
climate change has been on the horizon for many years, recent developments suggest
that it must be taken seriously as a factor to be considered in future planning for
marsh restoration efforts. Tidal marshes are vulnerable to changes in salinity and
inundation rates, both of which will be affected by climate change. Restoration
sites may be particularly vulnerable given unpredictable sediment inputs and newly
established vegetation. Predicted shifts in snowmelt and altered runoff will change
estuarine salinity patterns and could have large-scale impacts on marsh dominance,
especially for freshwater marshes. Even relatively small salinity changes could lead
to shifts in dominant species, with freshwater marshes being replaced by brackish
marshes and brackish marshes converted to salt marsh communities. This will cause a
reduction 1in overall estuarine plant diversity and productivity, with possible
reverberations for the estuarine food web. Based on monitoring data from San
Francisco Bay marshes, we predict that salinity will have a more immediate impact on
tidal marsh vegetation than sea-level rise. However, sea-level rise poses a
potentially greater long-term threat, depending on its rate, because the effects of
inundation and a more persistent salinity regime could cause widespread marsh Toss.
If ice sheets in Antarctica and Greenland begin melting at rapid rates, inundation
impacts could be catastrophic for coastal marshes. Given the magnitude of these
potential changes, we urge the restoration and conservation management community to
integrate these contingencies into adaptive management process and to join with the
broader community in forging more flexible governance institutions that can respond
effectively to large- scale uncertainties and trajectories as they unfold.

callinan, K., L. Deanovic, and I. werner (2010). An investigation on the sub-lethal
effects of pesticides on Ceriodaphnia dubia. 6th Biennial Bay-Delta Science
Cconference. Poster paper presented at the Sacramento Convention Center, Sacramento,
California.

Sub-lethal exposures to contaminants can alter ecosystems by reducing
organism survival and compromising the ecological fitness of populations and
species. In this study, Ceriodaphnia dubia (water fleas) were used as a model
species to test for sub-Tethal effects of pesticides on aquatic invertebrates.
organisms were exposed to a range of pesticide concentrations, above and below the
lethal threshold, to test for mortality, reproductive success and swimming behavior.
A 7-day toxicity test was conducted with bifenthrin, permethrin, cyfluthrin and
copper. Brood sizes and mortality for all treatments and individuals (n=10) were
recorded each day. Swimming behavior of surviving water fleas was analyzed at the
completion of the test. Individuals were placed in cuvettes (8mm width) and filmed
using a standard video camera for 90 seconds. Each of the videos were analyzed using
Noldus Ethovision XT 6 video tracking software, based on dynamic subtraction at a
rate of 16 frames per second. Total distance moved, average velocity, minimum and
maximum velocity, time immobile, time mobile and time highly mobile were calculated.
Data were analyzed using a one-way ANOVA and a Dunnetts test (P < 0.05). Preliminary
results indicate that bifenthrin, permethrin, cyfluthrin and copper have significant
effects on the survival and reproduction of C. dubia, but have varying effects on
measures of swimming ability at sub-Tethal concentrations. Previous studies, using
acute exposures to similar chemicals, have inhibited swimming performance in C.

Page 76



130705 IEP BibTiography.txt
dubia, however, the current study uses chronic exposures whereby effects on swimming
were inconsistent. These results are important, both for the assessment of
environmental risk with regards to chronic, sub-lethal exposures to pesticides, and
for the use of swimming behavior as a standardized monitoring tool to measure
contaminant stress.

Campbell, E. A. and P. B. Moyle (1991). Historical and recent population sizes of
spring-run chinook salmon in California. American Fisheries Society Proceedings,
1990 Northwest Pacific chinook and coho salmon workshop. Arcata, CA, Humboldt State
University: 155-216.

Canuel, E. A. and J. E. Cloern (1996). Regional differences in the origins of
organic matter in the San Francisco Bay ecosystem. Evidence from Tipid biomarkers.
San Francisco Bay: The Ecosystem. J. T. Hollibaugh. San Francisco, AAAS American
Association for the Advancement of Science: 305-324.

Canuel, E. A., J. E. Cloern, et al. (1995). "Molecular and isotopic tracers used to
examine sources of organic matter and its incorporation into the food webs of San
Francisco Bay." Limnology and Oceanography 40: 67-81.

Multiple indicators (chl a, C:N ratios, [ delta super(13)c]pPoC, and two
classes of 1lipid biomarker compounds - sterols and phospholipid ester-linked fatty
acids) were used to evaluate spatial and temporal variations in the origin of
particulate organic matter (POM) in the San Francisco Bay (SFB) estuary. Comparisons
were made between the northern and southern subestuaries of SFB, as well as along
the salinity gradient of northern SFB. Two sample types were collected - seston,
which was used to characterize the bulk POM, and tissues of the suspension-feeding
bivalve Potamocorbula amurensis - in order to evaluate the assimilable portion of
the POM. Samples were collected around biological and physical events (phytoplankton
blooms and freshwater inflow) thought to be the primary mechanisms controlling
temporal variability in organic matter sources. Seston samples indicate that
phytoplankton sources of POM are important throughout the entire SFB system, with
additional inputs of organic matter from bacterial and terrestrial vascular plant
sources delivered to the northern region. Analysis of biomarker compounds in P.
amurensis tissues indicates that phytoplankton supply a large fraction of the
assimilable carbon to clams throughout SFB, although isotopic analysis of clam
tissues suggests that the origin of this reactive carbon varies spatially and that
freshwater algae are an important source of reactive organic matter to clams Tiving
in northern SFB.

Carlson, P. R., J. L. Chin, et al. (2000). "Bedrock knobs, San Francisco Bay: Do
navigation hazards outweigh other environmental problems?" Environmental &
Engineering Geoscience 6(1): 41-55.

Three bedrock knobs (Arch, Harding, and Shag rocks) rise above the
unconsolidated sediment of central San Francisco Bay to a water depth of less than
-12 m (< -39.4 ft MLLW), These rocks are within the westbound vessel traffic area,
and the northernmost, Harding Rock, is similar to 300 m (984 ft) from the two-way
deep water traffic lane. The rocks pose a hazard to deep-draft vessels. Large ships
with drafts deeper than -17 m (-55.8 ft) cross central San Francisco Bay bound for
and returning from major port cities of the Bay estuary. Acoustic profiling data
show that bedrock extends at a gentle to moderate slope away from the knobs. These
data also show that two of the knobs, Harding and shag, may be part of a bedrock
ridge that extends to Alcatraz Island and perhaps southeast to Blossom Rock. The
tops of these rocks should be Towered to a depth of -17 m (-55.8 ft), with a total
volume of as much as 245,000 m(3) (320,460 yd(3)), at an estimated cost of nearly 27
million dollars, to eliminate the possibility that a tanker would strike one and
rupture. A resulting large oil spill would Tikely cost many times more than the 10
million dollars needed to clean up a small 1996 spill. If the rocks were removed,
local habitat for striped bass and other game fish would be altered, with potential
negative impact on sport fishing. Currently, public officials are studying the
benefits to the Bay environment of lowering the rock knobs.

Carlton, J. T. (1979). Introduced invertebrates of San Francisco Bay. San Francisco
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Bay, the urbanized estuary. T. J. Conomos. San Francisco, CA, American Association
for the Advancement of Science, Pacific Division: 427-444.

Almost 100 species of exotic marine invertebrates have been introduced into
San Francisco Bay by man in the past 130 or more years. Primary mechanisms of
introduction include transport of fouling, boring, and ballast-dwelling organisms by
ships and epizoic and nestling invertebrates by commercial oysters. With the
resolution of taxonomic problems and adequate exploration, many more introduced
species may eventually be recognized from the Bay. The impact of this exotic fauna
can be assessed in economic terms (pestiferous species, including shipworms and
other borers) and in geologic terms (an introduced boring isopod has modified
extensive portions of the bay shoreline by weakening clay and mud banks). The
greatest effect, however, may be biological and ecological: the establishment of an
introduced fauna as numerical and biomass dominants in many regions of the Bay, as
revealed in both short- and long-term quantitative and qualitative studies. The
modern-day significance of introduced species in fouling, benthic, and mudflat
ecosystems in portions of San Francisco Bay raises questions as to the role of
invertebrates prior to the mid-19th century both in the organic matter budget of the
Bay-Estuary system and in the support of large native shorebird populations. Man’s
extensive modifications of the Bay and concomitant creation of novel environmental
conditions, the absence of a diverse native estuarine fauna, and competitive
displacement have all played roles in the successful establishment of this
impressively Tlarge and diverse introduced fauna.

Carlton, J. T. (1999). "Molluscan invasions in marine and estuarine communities."
Malacologia 41(2): 439-454.

The distributions of many species of marine and estuarine mollusks have been
altered dramatically by human movements over the past 2,000 and more years. Vectors
have included vessels, mariculture, the aquarium trade, intentional or accidental
releases into the wild, and canals. Most marine mollusk distributions are held to be
"natural™ prior to the 19th century, whereas mollusk distributions during or since
the 19th century are held to be potentially subject to human modification. However,
that pre-19th century invasions occurred is clear, suggesting that the antiquity of
human-mediated mollusk introductions has been extensively underestimated. The Asian
oyster Crassostrea gigas was introduced to Europe by the 1500s, the Northern
Hemisphere mussel Mytilus may have arrived in the Southern Hemisphere by the early
1500s, and shipworms have similarly been widespread by shipping. A subset of 38
Northern Hemisphere introduced mollusks reveals distinct geographic patterns: 63%
originate in the North Atlantic Ocean/Mediterranean area, while 37% originate in the
North Pacific Ocean. within the Atlantic Ocean, the western Atlantic 1is a
significantly stronger donor area, accounting for 75% of those North Atlantic taxa
that have dispersed globally. Similarly, the western Pacific Ocean is also a strong
donor region, exporting 93% of all those originating in the Pacific. Ecologically,
in San Francisco Bay, California, the introduced infaunal or near-surface bivalves
Mya, Gamma, Venerupis, Musculista and Potamocorbula may be sufficiently abundant as
to control water column productivity. The European snail Littorina littorea
(Linnaeus, 1758) has had vast and complex impacts on intertidal hard and soft bottom
communities from Canada to the mid-Atlantic America. In general, far more attention
must be paid to experimentally demonstrating the impacts of invasive species.

Carlton, J. T., J. K. Thompson, et al. (1990). "Remarkable invasion of San Francisco
Bay (california, USA) by the Asian clam Potamocorbula amurensis .1l. Introduction and
dispersal."” Marine Ecology Progress Series 66(1-2): 81-94.

The euryhaline bivalve mollusc Potamocorbula amurensis (family Corbulidae),
a native of
China, Japan, and Korea, has recently appeared and become very abundant in San
Francisco Bay. This
clam appears to have been introduced as veliger larvae in the seawater ballast of
cargo vessels. It was
first collected in northern San Francisco Bay in late 1986. P, amurensis then spread
throughout the
estuary within 2 yr and reached densities at some sites exceeding 10 000 m-' It
Tives primarily in the
subtidal on all substrates (mud, sand, peat, and clay) and is found in the full
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range of bay salinities (< 1

to 33%). Its explosive increase in abundance and spread may result in major
alterations of the San

ErﬁnciSEO Bay estuary ecosystem. These could include changes in (1) trophic dynamics
throug

competition with other suspension-feeding and deposit-feeding infauna; changes 1in
benthic community

energy flow; availability of a new and abundant prey item for birds, fish, and
crabs; and reduction - as a

result of its filter feeding - of phytoplankton standmg stock) and (2) benthic
dynamics (through

inhibition and/or enhancement of infauna due to substrate destabilization;
alteration of suspended

Sﬁdimen% Toad of near-bottom water; and change of sediment surface redox balance).
The early

detection of the appearance and spread of P. amurensis in San Francisco Bay makes
this one of the best

documented invasions of any estuary in the world.

caro, T., J. Darwin, T. Forrester, C. LeDoux-Bloom, and C. wells (2012).
"Conservation in the Anthropocene." Conservation Biology 26(1): 4.

It has become commonplace to remark that humans are now the dominant
environmental force on the Earth.

The indications are strong and diverse.

Although we agree that humans are a dominant species and have affected natural
systems at a global scale,

we suggest that humans may have Tess influence at smaller extents of specific
regions and even ecosystems.

we fear that the concept of pervasive human-caused change may cultivate hopelessness
in those dedicated

to conservation and may even be an impetus for accelerated changes in land use
motivated by profit.

We recognize that humans have had at least marginal influence on most if not all of
the world’s biomes, but

there are several reasons to doubt that humans have altered everything (a phrase
that is generously interpreted

as including nutrient flows and species composition and interactions).

while accepting humans’ enormous effect on the planet, we see a crucial need to
identify remaining intact

ecosystems at Tocal extents, to protect them, and to remind the public of them. we
acknowledge that this is

the goal of many conservation organizations, but we are concerned that the
increasing adoption of the concept

of the Anthropocene will undermine both conservation and restoration objectives.

Cashman, J. R., D.A. Maltby, R.S. Nishioka, H.A. Bern, S.J. Gee, and B.D. Hammock
(1992). "chemical contamination and the annual summer die-off of striped bass
(Morone saxatilis) 1in the Sacramento-San Joaquin Delta." Chemical Research in
Toxicology 5(1): 100-105.

In 1987, striped bass (Morone saxatilis) that were nearly dead (moribund)
were captured by hand net, and apparently healthy striped bass were caught by hook
and 1line from adjacent waters in the Sacramento-San Joaquin Delta or, alternatively,
caught by hook and 1line from the Pacific Ocean. The Tivers of these three groups of
striped bass were examined for chemical contamination by gas chromatography, by gas
chromatography-mass spectrometry, and by immunoassay. Moribund striped bass Tivers
were greatly contaminated by chemicals compared to healthy fish caught in the Delta
and the Pacific Ocean. The types of contaminant encountered suggested that
industrial, agricultural, and urban pollutants were present in the livers of
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moribund fish. Although the variability in the amount of hepatic contaminants
observed among the groups of fish does not provide direct proof of causation, the
large amount of pollutants suggests that chemical contamination (possibly acting as
multiple stressors) contributes to the hepatotoxic condition of the moribund striped
bass and may lead to an explanation of the die-off in the Sacramento-San Joaquin
Delta region.

Caskey, P. S. (1976). spatial and temporal _aspects of the zooplankton distribution
in San Francisco Bay. Biology. Hayward, cCalifornia State University at Hayward: 89.

Cassell, 3., S. Murdock, and C. Patterson (2010). Uncertain waters: Navigating
California’s water priorities with communities. 6th Biennial Bay-Delta Science
Conference. Poster paper presented at the Sacramento Convention Center, Sacramento,
California.

water supply and management is a key issue for the Bay-Delta and the world,
which will grown in importance in coming years . Despite it’s importance, citizens
are often uninformed about key water management issues in their communities. Public
conversations, where knowledge can be shared and discussed are urgent and necessary
in light of issues such as the the pending bond initiative on the November 2010
ballot in california. This project will highlight a tool to improve citizen
"Titeracy" with respect to water issues that can be utilized to create a more
informed electorate. This project utilizes the National Issues Forum (NIF) format
and a new NIF forum discussion guide (developed with support from the california
Center for the Book and the water Education Foundation) to provide a template for
community conversations about water in the Bay-Delta region. The NIF format provides
the opportunity for_mediated discussions to occur with small groups of citizens,
where citizens can learn from each other and develop informed positions about water
issues. From May - August we will host 10 to 15 conversations in conjunction with
libraries in Delta Counties (Contra Costa, Solano, Sacramento, Yolo, and San
Joaquin). We hope to expand this project thoroughout the state. The findings of
these conversations will be provided to policy-makers via a written report and a
video of discussion highlights. This presentation will provide a preview of our
findings and report from this unique project.

Castillo, G., J. Morinaka, J. Lindberg, R. Fujimura, B. Baskerville-Bridges, 3J.
Hobbs, G. Tigan, and L. Ellison (2010). Evaluation of fish facility efficiency and
pre-screen loss for delta smelt in the State water Project. 6th Biennial Bay-Delta
Science Conference. Workshop presentation at the Sacramento Convention Center,
Sacramento, California.

The long-term decline of fish catches in the upper San Francisco Estuary has
been Tinked to water conveyance and export operations by the State Water Project
(swp) and cCentral valley Project (CvP). The uncertain connection between reported
delta smelt salvage and underlying entrainment losses has precluded basic
understanding on the magnitude and variability of entrainment Tosses and their
population Tevel effects. We conducted the first mark-recapture evaluation of the
relation between delta smelt salvage at the Skinner Fish Facility (SFF) and
underlying entrainment Tosses at the SwP in the south Delta. we conducted
mark-recapture experiments using cultured delta smelt in February and March 2009
(adults) and June 2009 (juveniles) to estimate: 1) the percent of fish recaptured at
SFF of the total released at the entrance of SFF (fish facility efficiency); 2) the
percent of fish recaptured at SFF of the total released at the entry point of
Clifton Court Forebay (CCF), a reservoir for SWP exports (percent recovery); 3) the
fish losses in CCF (pre-screen loss). All fish released (n) were calcein-marked;
adults were additionally photonically- and strontium-marked. Fish facility
efficiency declined in successive releases: February (52.0%, n = 400), March (44.0%,

= 200) and June (24%, n = 800). The percent recovery of fish released in CCF
declined greatly over time: February (2.98%, n = 5,707); March (0.42%, n = 2,849)
and June (0.03%, n = 14,413). Pre-screen losses increased in consecutive releases:
February (94.2%); March (99.0%) and June (99.9%). We concluded that: 1) delta smelt
can be readily mass-marked to quantify entrainment losses; 2) pre-screen loss was
overwhelmingly the Targest source of mortality for delta smelt; 3) entrainment
monitoring in CCF seems essential to quantify the connection between salvage
statistics, residence time in CCF and the magnitude and variability of direct delta
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smelt losses.

Castillo, G. (2010). Initial evaluation of entrainment losses for delta smelt in the
State water Project. IEP 2010 Annual workshop. workshop presentation at the
California State University, Sacramento, Sacramento, CA.

Castleberry, D. T., J. 3. Cech, Jr., et al. (1993). "Growth, condition, and
physiological performance of juvenile salmonids from the lower American River:
February through July, 1992."

Casulli, V. and R. T. Cheng (1992). "semi-implicit finite difference methods for
three-dimensional shallow water flow." International Journal for Numerical Methods
in Fluids 15: 629-648.

A semi-implicit finite difference method for the numerical solution of
three-dimensional shallow water flows is presented and discussed. The governing
equations are the primitive three-dimensional turbulent mean flow equations where
the pressure distribution in the vertical has been assumed to be hydrostatic. In the
method of solution a minimal degree of implicitness has been adopted in such a
fashion that the resulting algorithm is stable and gives a maximal computational
efficiency at a minimal computational cost. At each time step the numerical method
requires the solution of one large Tinear system which can be formally decomposed
into a set of small three-diagonal systems coupled with one five-diagonal system.
A1l these linear systems are symmetric and positive definite. Thus the existence and
uniqueness of the numerical solution are assured. When only one vertical layer is
specified, this method reduces as a special case to a semi-implicit scheme for
solving the corresponding two-dimensional shallow water equations. The resulting
two- and three-dimensional algorithm has been shown to be fast, accurate and
mass-conservative and can also be applied to simulate flooding and drying of tidal
mud-flats in conjunction with three-dimensional flows. Furthermore, the resulting
algorithm is fully vectorizable for an efficient implementation on vector computers.

Cavallo, B., P. Bergman, and K. Jones (2010). Application of a winter run chinook
Tife-cycle model to evaluate conservation measures and proposed water project
operations. 6th Biennial Bay-Delta Science Conference. Workshop presentation at the
Sacramento Convention Center, Sacramento, California.

Following the 1listing of a majority of salmon and steelhead populations on
the U.S. Pacific Coast under the Endangered Species Act (ESA), debate began over the
type and magnitude of actions needed to recover listed populations. The CALFED
Science Independent Review of the analytical framework for assessing water project
operations recommended the development of an integrative life-cycle, spatially
explicit population model. we developed such a 1ife-cycle model (operating on a
daily time step) and used it to evaluate the influence of alternative water project
operations (flows, temperatures, exports, floodplain inundation, Delta routing) and
the effectiveness of conservation measures (habitat enhancements, predator
reductions, harvest management, non-physical barriers) on winter run Chinook
abundance and productivity. Model functions and parameters were derived from
existing monitoring studies, especially mark-recapture data from acoustic and coded
wire tag studies. Results indicate that water temperatures for egg incubation,
predation mortality in the Sacramento River and Delta, and ocean harvest are major
drivers of winter run Chinook abundance trends. Increased Yolo Bypass flooding and
reduced South Delta exports yielded smaller benefits. our Tife-cycle modeling proved
to be a useful approach for distinguishing potential benefits of various recovery
actions, framing expectations for population growth, and identifying critical data
needs to support future management.

Cayan, D. R., and D.H. Peterson (1989). The influence of North Pacific atmospheric
circulation on streamflow in the west. Aspects of climate variability in the pacific
and western Americas. D. H. Peterson. washington, D.C., American Geophysical Union.
Geophysical Monograph 55: 375-397.
The annual cycle and nonseasonal variability of streamflow over western
North America and Hawaii is studied in terms of atmospheric forcing elements. This
study uses several decades of monthly average streamflow beginning as early as the
Tate 1800’s over a network of 38 stations. In addition to a strong annual cycle 1in
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mean streamflow and its variance at most of the stations, there is also a distinct
annual cycle in the autocorrelation of anomalies that is related to the interplay
between the annual cycles of temperature and precipitation. Of particular importance
to these lag effects is the well-known role of water stored as snow pack, which
controls the delay between peak precipitation and peak flow and also introduces
persistence into the nonseasonal streamflow anomalies, with time scales from 1 month
to over 1 year. The degree to which streamflow is related to winter atmospheric
circulation over the North Pacific and western North America is tested using
correlations with time averaged, gridded sea Tevel pressure (SLP), which begins 1in
1899. streamflow fluctuations show significant Targe-scale correlations for the
winter (December through February mean SLP anomaly patterns over the North Pacific
with maximum correlations ranging from 0.3 to about 0.6. For streams along the west
coast corridor the circulation pattern associated with positive streamflow anomalies
is low pressure centered off the coast to the west or northwest, indicative of
increased winter storms and an anomalous westerly-to-southwesterly wind component.
For streams in the interior positive streamflow anomalies are associated with a
positive SLP anomaly stationed remotely over the central North Pacific, and with
negative but generally weaker SLP anomalies locally. One important influence on
streamflow variability is the strength of the Aleutian Low in winter. This is
represented by the familiar Pacific-North America (PNA) index and also by an index
defined herein the “CNP” (Central North Pacific). This index, beginning in 1899, is
taken to be the average of the SLP anomaly south of the Aleutians and the western
Gulf of Alaska. Correlations between PNA or CNP and regional anomalies reflect
streamflow the alternations in strength and position of the mean North Pacific storm
track entering North America as well as shifts in the trade winds over the
subtropical North Pacific. Regions whose streamflow is best tuned to the PNA or CNP
include coastal Alaska, the northwestern United States, and Hawaii; the latter two
regions have the opposite sign anomaly as the former. The pattern of streamflow
variations associated with EIl Nino issimilar, but the E1 Nino signal also includes a
tendency for greater than normal streamflow in the southwestern United States. These
indices are significantly correlated with streamflow at one to two seasons in
advance of the December-August period, which may allow modestly skillful forecasts.
It is important to note that streamflow variability in some areas, such as British
Columbia and california, does not respond consistently to these broad scale Pacific
atmospheric circulation indices, but is related to regional atmospheric anomaly
features over the eastern North Pacific. Spatially, streamflow anomalies are fairly
well correlated over scales of several hundred kilometers. Inspection of the spatial
anomalies of streamflow in this study suggest an asymmetry in the spatial pattern of
positive versus negative streamflow anomalies in the western United States: dry
patterns have tended to be Targer and more spatially coherent than wet patterns.

Cayan, D. R., P. D. Bromirski, et al. (2008). "Climate change projections of sea
Tevel extremes along the California coast." Climatic Change 87: S57-S73.
California's coastal observations and global model projections indicate that
California's open coast and estuaries will experience rising sea levels over the
next century. During the last several decades, the upward historical trends,
quantified from a small set of California tide gages, have been approximately 20
cm/century, quite similar to that estimated for global mean sea level. In the next
several decades, warming produced by climate model simulations indicates that sea
level rise (SLR) could substantially exceed the rate experienced during modem human
development along the California coast and estuaries. A range of future SLR is
estimated from a set of climate simulations governed by lower (B1l), middle-upper
(A2), and higher (Alfi) GHG emission scenarios. Projecting SLR from the ocean
warming in GCMs, observational evidence of SLR, and separate calculations using a
simple climate model yields a range of potential sea level increases, from 11 to 72
cm, by the 2070-2099 period. The combination of predicted astronomical tides with
projected weather forcing, E1 Nino related variability, and secular SLR, gives a
series of hourly sea Tevel projections for 2005-2100. Gradual sea Tlevel rise
progressively worsens the impacts of high tides, surge and waves resulting from
storms, and also freshwater floods from Sierra and coastal mountain catchments. The
occurrence of extreme sea levels is pronounced when these factors coincide. The
frequency and magnitude of extreme events, relative to current levels, follows a
sharply escalating pattern as the magnitude of future sea level rise increases.
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Cayan, D. R. and D. H. Peterson (1993). "Spring climate and salinity in the San
Francisco Bay Estuary." water Resources Research 29: 293-303.

Salinity in the San Francisco Bay Estuary almost always experiences its
yearly maximum during late summer, but climate variability produces marked
interannual variations. The atmospheric circulation pattern impacts the estuary
primarily through variations of runoff from rainfall and snowmelt from the Sierra
Nevada and, secondarily, through variations in the near-surface salinity in the
coastal ocean. while winter precipitation is the primary influence upon salinity 1in
the estuary, spring climate variations also contribute importantly to salinity
fluctuations. Spring atmospheric circulation influences both the magnitude and the
timing of freshwater flows, through anomalies of precipitation and temperature. To
help discriminate between the effects of these two influences, the record is divided
into subsets according to whether spring conditions in the region are cool and wet,
warm and wet, cool and dry, or warm and dry. Warm springs promote early
snowmelt-driven flows, and cool springs result in delayed flows. In addition to
effects of winter and spring climate variability operating on the watershed, there
are more subtle effects that are transmitted into the estuary from the coastal
ocean. These influences are most pronounced in cool and dry springs with high
surface salinity (SS) in the coastal ocean versus cool and wet springs with low SS
in the coastal ocean. A transect of SS records at stations from the mouth to the
head of the bay suggests that the coastal ocean anomaly signal 1is attenuated from
the mouth to the interior of the estuary. In contrast, a delayed, postsummer signal
caused by winter and spring runoff variations from the upstream watershed are most
pronounced at the head of the estuary and attenuate toward the mouth.

Cayan, D. R., K. T. Redmind, et al. (1999). "ENSO and hydrologic extremes in the
western United States." Journal of Climate 12: 2881-2893.

Frequency distributions of daily precipitation in winter and daily stream
flow from late winter to early summer, at several hundred sites in the western
United States, exhibit strong and systematic responses to the two phases of ENSO.
Most of the stream flows considered are driven by snowmelt. The Southern Oscillation
index (SOI) is used as the ENSO phase indicator. Both modest (median) and larger
(90th percentile) events were considered. In years with negative SOI values (EI
Nino), days with high daily precipitation and stream flow are more frequent than
average over the Southwest and Tless frequent over the Northwest. During years with
positive SOI values (La Nina), a nearly opposite pattern is seen. A more pronounced
increase is seen in the number of days exceeding climatological 90th percentile
values than in the number exceeding climatological 50th percentile values, for both
precipitation and stream flow. Stream flow responses to ENSO extremes are
accentuated over precipitation responses. Evidence suggests that the mechanism for
this amplification involves ENSO-phase differences in the persistence and duration
of wet episodes, affecting the efficiency of the process by which precipitation is
converted to runoff. The SOI Teads the precipitation events by several months, and
hydrologic lags (mostly through snowmelt) delay the stream flow response by several
more months. The combined 6-12-month predictive aspect of this relationship should
be of significant benefit in responding to flood (or drought) risk and in improving
overall water management in the western states.

Cech, J. 3., Jr. (1981). "Comparative growth and respiration of juvenile white
sturgeon and striped bass." Estuaries 4(3): 254.

Growth rates (ad Tib. Artemia diet) and respiratory metabolic (oxygen
consumption) rates were measured in juvenile (1 to 6 g wet mass) striped bass
(Morone saxatilis) and white sturgeon (Acipenser transmontanus). Growth of sturgeon
was significantly greater at 20 degree C compared with 15 degree C, but there was no
difference between 20 and 25 degree C. Striped bass growth increased with each
increment of temperature elevation. Environmental hypoxia (90 torr P sub(02))
reduced growth of sturgeon within each temperature regime, whereas striped bass
growth was reduced by hypoxia only at the upper two temperatures. Increased
temperatures generally increased respiratory metabolism. Hypoxia depressed
respiration at all temperatures in striped bass, but did not affect sturgeon
respiration.
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Cech, 3. J., Jr., S.J. Mitchell, D.T. Castleberry, and M. McEnroe (1990).
"Distribution of california stream fishes: influence of environmental temperature
and hypoxia." Environmental Biology of Fishes 29(2): 95-105.

Metabolic rates of seven fish species were used to assess the importance of
temperature and dissolved oxygen as factors affecting Tongitudinal distributions of
stream fish within California drainages. Metabolic rates of all species generally
increased at higher acclimation temperatures and with abrupt temperature increases.
In response to low dissolved oxygen, four species showed no change in metabolic
rates up to a threshold temperature where hypoxia-induced metabolic depression was
apparent. These threshold temperatures were near the Tethal temperatures for each
species. In contrast, two species showed metabolic depressions at every temperature,
whereas one showed no depression at any temperature. In general, species occupying
similar Tongitudinal positions in California streams behaved similarly in their
metabolic responses. For most species, there was good correspondence between
metabolic response and relevant field observations of occurrence. In cases where our
analysis predicted species presence in waters where they did not exist, other
abiotic factors, such as flow rate, or biotic factors, such as predation or
competition, must be considered.

Cech, 3. 3., Jr., S. J. Mitchell, et al. (1984). "Comparative growth of juvenile
w?ige i%u;geon and striped bass: Effects of temperature and hypoxia." Estuaries
7 : -18.

The influences of temperature and environmental hypoxia on the growth rates
of two California anadromous fishes, white sturgeon (Acipenser transmontanus ) and
striped bass (Morone saxatilis ) were examined. Fish (0.5-0.6 g initial weight) were
fed ad Tibitum rations of Artemia 1in flow-through aquaria regulated for temperature
(15, 20, and 25 degree C) and oxygen tension (130 and 90 torr P sub(02)). Growth of
sturgeon was significantly greater at 20 degree C compared with 15 degree C. Striped
bass growth increased with each 5 degree increment of temperature elevation to 3.2%
body weight per d at 25 degree C, the fastest growth rate measured. The temperature
of maximum growth reflected the temperature of the native estuarine rearing area.
Environmental hypoxia (90 torr P sub(02)) reduced growth of sturgeon within each
temperature level, where as striped bass growth was reduced by hypoxia only at the
upper two temperatures.

Cech, 3. 1., Jr., C. Swanson, et al. (1999). swimming behavior of splittail 1in
multi-vector flow regimes: Applications for fish screens. Fish Performance Studies.
D. MackKinlay, K. Howard and J. Cech, Jr.: 111-114.

The splittail, Pogonichthys macrolepidotus (Ayres), used to be one of the
most abundant estuarine species in the Sacromento-San Joaquin estuary to which it is
endemic and supported a small, but enthusiastic, hook-and-Tine fishery. It is
considered primitive compared to other endemic cyprinid fishes of the california
central valley because of its two rows of pharyngeal teeth in contrast to the more
advanced characteristic of one row. It was once widely distributed throughout the
California central valley but disappeared from much of its native range because of
loss or alteration of Towland habitats following dam construction, water diversion,
and agricultural development, and is now restricted to the estuary. Juvenile
splittail are now subject to entrainment and impingement at >2000 water diversions
Tocated within their current habitat. Three alternatives currently being considered
to improve estuarine habitats include construction of Targe fish screens to better
separate fish from water diverted for municipal and industrial uses. water in front
of these large screenss would have complex flows from both approach flows and
sweeping flows. The objective of this study was to examine the swimming performance
and behavior of splittail exposed to complex flow regimes in a circular flume,
equipped with a fish screen, termed a fish treadmill.

Chadwick, H. K. (1962). "catch records from the striped bass sport fishery in
California."” cCalifornia Fish and Game 48: 153-177.

Chadwick, H. K. (1963). "An evaluation of five tag types used in a striped bass
mortality rate and migration study." California Fish and Game 49: 64-83.

Chadwick, H. K. (1964). "Annual abundance of young striped bass, Roccus saxatilis,
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in the Sacramento-San Joaquin Delta, California." cCalifornia Fish and Game 50:
69-99.

Chadwick, H. K. (1966). "variation in the growth of young striped bass (Roccus
saxatilis), in the Sacramento-San Joaquin Delta, cCalifornia."

Chadwick, H. K. (1967). "Recent migrations of the Sacramento-San Joaquin River
ggrigeg bass population." Transactions of the American Fisheries Association 96:
7-342.

Migration patterns of striped bass (Roccus saxatilis) in the Sacramento-San
Joaquin River system, California, are defined by tag returns from 18,300 tagged fish
and angler catches from 1958 through 1964. Larger adults migrated farther downstream
than smaller ones, and most 3- and 4-year-old immature fish remain in the Bay Area
during the spawning period. Fish tagged in the western and eastern Delta during the
spring, in the western Delta during the fall, in the upper Sacramento River during
the spring, and in San Pablo Bay during the fall all had similar migration patterns.
The only general difference was each group had a distinctive migration to the Delta.
Migrations into San Francisco Bay and the Pacific Ocean were much greater in the
Tate 1950's and early 1960's than in the early 1950's. Data on changes 1in the
striped bass population and environment were insufficient to explain migration
changes. Earlier conclusions regarding factors controlling seaward migration did not
adequately explain migration variations between 1958 and 1964.

Chadwick, H. K. (1968). "Mortality rates in the California striped bass population."
California Fish and Game 54: 228-246.

Chadwick, H. K. (1969). "An evaluation of striped bass angling regulations based on
an equilibrium yield model." california Fish and Game 55: 12-19.

Chadwick, H. K. (1977). Effects of water development on striped bass. Proceedings of
the Second Marine Recreational Fisheries Symposium. washington, D.C, Sport Fishing
Institute: 123-130.

Chadwick, H. K., D. E. Stevens, et al. (1977). some factors regulating the striped
bass population in the Sacramento-San Joaquin Estuary, California. Proceedings of
the Conference on Assessing the Effects of Power-Plant-Induced Mortality on Fish
Popu]atigng, GatTinburg, Tennessee, May 3-6, 1977. W. V. Winkle. New York, Pergamon
Press: -35.

The abundance of young and adult striped bass (Morone saxatilis) 1in the
Sacramento-San Joaquin Estuary 1is related to the magnitude of water diversion and of
water flow in the estuary. Principal variations in survival occur during the first
two months of Tife. Density-independent mortality caused by the loss of young bass
in water diversions is a major factor regulating population size. Population size is
also directly related to flow rates, which serve to control the transport of young
bass to suitable nursery areas, which in turn influence survival through factors
such as food availability.

Chan, A. (2010). water Levels 1in San Francisco Bay, Water Years 2008 and 2009. IEP
Newsletter. 23: 2.

Chang, A., S. Attoe, P. Malm, J. Fisher, and S. Morgan (2010). Going with the flow
or staying close to home? Population connectivity, %reshwater flow, and native
oyster restoration in San Francisco Bay. 6th Biennial Bay-Delta Science Conference.
workshop presentation at the Sacramento Convention Center, Sacramento, California.

A key missing piece of information for managers working to restore
populations of the native oyster, Ostrea conchaphila, in San Francisco Bay is a
clear picture of the 1links between populations in different parts of the Bay.
Knowledge of population connectivity also will greatly improve our understanding of
the causes and consequences of fluctuations in abundance and geographic
distribution, as well as responses to floods, droughts, and many other disturbances.
Do populations in some areas act as sources of larvae that maintain populations 1in
other parts of the Bay? Are some apparently thriving oyster populations only able to
keep up appearances due to constant inflow of larvae from source populations
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elsewhere? Do connectivity patterns change with altered freshwater outflow Tlevels
entering the Bay? Wwe investigated oyster population dynamics and Tarval dispersal
patterns in San Francisco Bay using a combination of population surveys, recruitment
monitoring, and trace elemental fingerprinting methods. We examined oyster
populations during the Tow flow season at the end of a three-year drought (Fall
2009) and during higher flow conditions (Spring 2010). In the fall of 2009, oyster
abundance and size distributions differed significantly along the salinity gradient
from upstream sites toward the mouth of the Golden Gate, with a maximum density of
over 300 oysters / m2 occurring in brackish waters near China Camp State Park.
Significant regional variation in temperature and salinity conditions appear to be
correlated with differences in timing of spawning and settlement throughout the
year. Juvenile recruitment varied significantly around the Bay, with greatest
settlement in moderately-to-high salinity areas, especially during warmer periods.
oyster larvae from different sites around the Bay contained sufficiently distinct
trace elemental fingerprints to be discriminated from each other at fairly small
spatial scales. Natal origins of collected juveniles are currently being
investigated and will be presented.

Chapman, E. D., Hearn, A.R., Michel, C.J., Ammann, A.J., Lindley, S.T., Thomas, M.J.

Sandstrom, P.T., Singer, G.P., Peterson, M.L., MacFarlane, R.B., and Klimley, A.P.

(2012). "Diel movements of out-migrating Chinook salmon (Oncorhynchus tshawytscha)

and steelhead trout (Oncorhynchus mykiss) smolts in the Sacramento/San Joaquin

watershed. ." Environmental Biology of Fishes DOI: 10.1007/s10641-012-0001-x.
we used ultrasonic telemetry to describe the

movement patterns of Tate-fall run Chinook salmon

(oncorhynchus tshawytscha) and steelhead trout (O.

mykiss) smolts during their entire emigration down

California’s Sacramento River, through the San

Francisco Bay Estuary and into the Pacific Ocean.

Yearling hatchery smolts were tagged via intracoelomic

surgical implantation with coded ultrasonic tags.

They were then released at four upriver locations in

the Sacramento River during the winters of 2007

through 2010. Late-fall run chinook salmon smolts

exhibited a nocturnal pattern of migration after release

in the upper river. This is likely because individuals

remain within a confined area during the day, while

they become active at night and migrate downstream.

The ratio between night and day detections of

Chinook salmon smolts decreased with distance traveled

downriver. There was a significant preference for

nocturnal migration in every reach of the river except

the Estuary. In contrast, steelhead smolts, which reside

upriver Tonger following release, exhibited a Tess pronounced

diel pattern during their entire migration. In

the middle river, Delta, and Estuary, steelhead

exhibited a significant preference for daytime travel.

In the ocean Chinook salmon preferred to travel at

night, yet steelhead were detected on the monitors

equally during the night and day. These data show

that closely related Ooncorhynchus species, with the

same ontogenetic pattern of out-migrating as yearlings,

vary in migration tactic.

Chapman, F. A., J. P. VvVan Eenennaam, et al. (1996). "The reproductive condition of
white sturgeon, Acipenser transmontanus, in San Francisco Bay, California." Fishery
Bulletin 94(4): 628-634.

white sturgeon, Acipenser transmontanus, adults (n=855) were collected on
their feeding grounds in San Francisco Bay, California, and their sex and stage of
sexual maturity were evaluated histologically. They did not exhibit external sexual
dimorphism, and the overall sex ratio did not differ from 1:1. Average fork Tength
was 139 cm plus or minus 1.1 cm (mean plus or minus standard error o% the mean);
females were Tonger (145 cm plus or minus 1.2 cm, n=443) than males (133 cm plus or
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minus 1.0 cm, n=412). In smaller size classes ( less than or equal to 115 cm), males
were significantly (P<0.05) more numerous than females. The proportion of females,
however, was significantly higher among Targer fish (5155 cm). The sample of females
consisted of 70% fish with "immature" (previtellogenic) ovaries, 12% with "maturing"
(vitellogenic) ovaries, and 18% with "ripe" (large, pigmented eggs) ovaries. In
contrast, most males were either "maturing" (meiosis, 56%) or "ripe" (spermatozoa,
39%). Ripe females represented only 9% of all fish sampled. Egg production by
females, estimated by hatchery spawning, averaged 5,648 eggs/kg of body weight. The
length at which white sturgeon in_San Francisco Bay attain sexual maturity was
estimated to be 95-135 cm in females and 75-105 cm in males. The duration of one
ovarian cycle in iteroparous females was estimated to be longer than one year, with
an apparent 2- to 4-year interval between spawning periods; the reproductive cycle
of males was estimated to be 1-2 years. The low reproductive potential of white
sturgeon in San Francisco Bay should be considered in fishery management of the
species.

Chapman, P. M., R. Dexter, et al. (1987). "Synoptic measures of sediment
contamination, toxicity and infaunal community composition (the Sediment Quality
Triad) in San Francisco Bay." Marine Ecology Progress Series 37: 75-96

The utility of the Sediment Quality Triad was assessed in determining
pollution-induced degradation. This approach consists of synoptic measurements of
sediment contamination by chemical analyses, sediment toxicity through bioassays,
and benthic infaunal community structure through taxonomic analyses of macroinfauna.
Each component of the Triad complements the other 2 and together all 3 component
provide an objective assessment of pollution-induced degradation. The underlying
hypothesis is that no component can be used to predict measurements of the other 2
components. Sediment samples were collected at 3 stations at each of 3 sites 1in San
Francisco Bay, USA, and subjected to 4 separate, replicated sediment bioassays,
comprehensive sediment chemistry analyses (no replication), and replicated benthic
infaunal analyses.

Chappell, E. (2004). chinook salmon catch and escapement. IEP Newsletter. 2: 5.

Chauvaud, L., J. K. Thompson, et al. (2003). "Clams as CO2 generators: The
Potamocorbula amurensis example in San Francisco Bay." Limnology and Oceanography
48(6): 2086-2092.

Respiration and calcium carbonate production by the invasive Asian clam,
Potamocorbula amurensis, were calculated to assess their importance as C02 sources
in northern San Francisco Bay. Production, calculated using monthly population
density and size structure measured at three sites over 7 yr and a shell
length/caco3 conversion factor, averaged 221 (+/-184) g caC03 m(-2) yr(-1). Net
calcium carbonate production by this exotic bivalve releases C02 at a mean rate of
18 (+/-17) g € m(-2) yr(-1). Respiration by P. amurensis, estimated from secondary
production, releases additional CO2 at a mean rate of 37 (+/-34) g C m(-2) yr(-1).
Therefore, total net C02 production by P. amurensis averages 55 (+/-51) g C m(-2)
yr(-1) in an estuarine domain where net primary production consumes only 20 g
inorganic C m(-2) yr(-1). €02 production by P. amurensis in northern San Francisco
Bay is an underestimate of the total €02 supply from the calcified zoobenthic
communities of San Francisco Bay, and results from other studies have suggested that
this rate is not unusual for temperate estuaries. Global extrapolation yields a
gross C02 production rate in the world's estuaries of 1 X 10(14) g C yr(-1), which
suggests that calcified benthic organisms in estuaries generate C02 equal 1in
magnitude to the C02 emissions from the world's lakes or from planetary volcanism
(the net source is determined by the highly variable rate of C02 consumption by
carbonate dissolution). This biogenic CO2 source is increasing because of the
ﬁogtinuing global translocation of mollusks and their successful colonization of new

abitats.

Chen, C. W., D. Leva, et al. (1996). "Modeling the fate of copper discharged to San
Francisco Bay." Journal of Environmental Engineering 122(10): 924-934.

An existing two-dimensional estuary model was modified to incorporate
processes important to the transport and fate of copper in San Francisco Bay. These
processes include advection, dispersion, partitioning with suspended particles,

Page 87



130705 IEP BibTiography.txt
settling, and resuspension of adsorbed copper. A systematic calibration of these
processes was made. The simulated advection was first shown to match tidal stages,
time Tag of slack waters, and currents. The model's dispersion was then calibrated
by matching observed total dissolved solids. Finally, the model was calibrated to
match total suspended solids, total copper, dissolved copper, and sediment copper.
The model simulated the recently observed copper concentration in the bay under
current point and nonpoint source loadings. The model predicted that a reduction of
copper Tload in winter storm-water runoff would Tower copper concentration in the
summer.

Chen, X., and J. stillman (2010). Is there a synergistic effect of thermal and
osmotic stress on metabolic performance in freshwater zooplankton? 6th Biennial
Bay-Delta Science Conference. Poster paper presented at the Sacramento Convention
Center, Sacramento, California.

The Sacramento -San Joaquin Delta is a highly altered estuarine ecosystem.
People regulate the storage and diversion of freshwater from Sacramento River and
San Joaquin River to serve human consumption and agriculture. Reduced freshwater
flow during dry seasons, warm temperatures and increasing tidal inundation result in
seasonally obvious variations of temperature and salinity. To investigate the
synergistic effect of thermal and osmotic stress on metabolic performance 1in
freshwater zooplankton, Daphnia pulex were exposed to 9 different combinations of
daily fluctuations in temperature (15, 15-25, 15-30°C) and salinity (0, 0-2,
0-5ppt) . Metabolic rates and growth rates of 5 replicate isofemale Tines of Daphnia
pulex cultured in each condition were measured and recorded at the 1st and 5th
generations. Microplate optode respirometry was performed at 15°C and Oppt. Daphnia
exposed to the treatments of 15-30°C Oppt, and 15-30°C 0-5ppt showed the lowest
metabolic rates at both 1st and 5th generations. However, no obvious lower metabolic
rates were observed in other treatments, indicating that high temperature is the
dominant factor for the synergistic effect of temperature and salinity on
metabolism. Daphnia developed from newborn to adult in 2-3 fewer days in the 15-25°C
treatments than at other temperatures. Exposure to lower temperature may slow growth
due to Q10 effects, whereas exposure to higher temperatures may slow growth due to
energetic tradeoffs with stress responses.

Cheng, R. and L. smith (1985). Tidal hydraulics of San Francisco Bay and Estuary.
Symposium II, Selenium and Agricultural Drainage;, Berkeley, CA.

Cheng, R. T. and V. Casulli (1992). Dispersion in tidally averaged transport
equation. Dynamics and Exchanges in Estuaries and the Coastal zone. D. Prandle.
washington, AGU. 38, Coastal and Estuarine Studies: 409-428.

Cheng, R. T. and V. cCasulli (1996). Modeling the periodic stratification and
gravitational circulation in San Francisco Bay. Proceedings of the Fourth
International Conference on Estuarine and Coastal Modeling. M. L. Spaulding and R.
T. Cheng. San Diego, ASCE: 240-254.

Cheng, R. T., V. Casulli, et al. (1993). "Tidal, residual, intertidal mudflat (TRIM)
model and its applications to San-Francisco Bay, California." Estuarine, Coastal,
and shelf science 36(3): 235-280.

A numerical model using a semi-implicit finite-difference method for solving
the two-dimensional shallow-water equations is presented. The gradient of the water
surface elevation in the momentum equations and the velocity divergence in the
continuity equation are finite-differenced implicitly, the remaining terms are
finite-difference explicitly. The convective terms are treated using an
Eulerian-Lagrangian method. The combination of the semi-implicit finite-difference
solution for the gravity wave propagation, and the Eulerian-Lagrangian treatment of
the convective terms renders the numerical model unconditionally stable. when the
barocTlinic forcing is included, a salt transport equation is coupled to the momentum
equations, and the numerical method is subject to a weak stability condition. The
method of solution and the properties of the numerical model are given. This
numerical model 1is particularly suitable for applications to coastal plain estuaries
and tidal embayments in which tidal currents are dominant, and tidally generated
residual currents are important. The model is applied to San Francisco Bay,
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California where extensive historical tides and current-meter data are available.

Cheng, R. T. and J. W. Gartner (1984). Tides, tidal, and residual currents in San
Francisco Bay, California --Results of measurements, 1979-1980: 319 p.

Cheng, R. T., J. W. Gartner, et al. (1998). Flow and suspended particulate transport
in a tidal boundary layer, south San Francisco Bay, California. Physics of Estuaries
and Coastal Seas. J. Dronkers and M. Scheffers. Rotterdam, Balkema: 3-12.

Cheng, R. T., J. W. Gartner, et al. (1997). "Bottom boundary Tayer in south San
Francisco Bay, California." Journal of Coastal Research SI25: 49-62.

Cheng, R. T., C.-H. Ling, et al. (1999). "Estimates of bottom roughness length and
bottom shear stress in South San Francisco Bay, California.” Journal of Geophysical
Research. C. Oceans 104(cC3): 7715-7728.

A field investigation of the hydrodynamics and the resuspension and
transport of particulate matter in a bottom boundary Tayer was carried out in South
San Francisco Bay (South Bay), California, during March-April 1995. Using broadband
acoustic Doppler current profilers, detailed measurements of turbulent mean velocity
distribution within 1.5 m above bed have been obtained. A global method of data
analysis was used for estimating bottom roughness length z sub(o) and bottom shear
stress (or friction velocities u*). Field data have been examined by dividing the
time series of velocity profiles into 24-hour periods and independently analyzing
the velocity profile time series by flooding and ebbing periods. The global method
of solution gives consistent properties of bottom roughness length z sub(o) and
bottom shear stress values (or friction velocities u*) in South Bay. Estimated mean
values of z sub(o) and u* for flooding and ebbing cycles are different. The
differences in mean z sub(o) and u* are shown to be caused by tidal current
flood-ebb inequality, rather than the flooding or ebbing of tidal currents. The bed
shear stress correlates well with a reference velocity; the slope of the correlation
defines a drag coefficient. Forty-three days of field data in South Bay show two
regimes of z sub(o) (and drag coefficient) as a function of a reference velocity.
when the mean velocity is >25-30 cm s super(-1), the 1n z sub(o) (and thus the drag
coefficient) is inversely proportional to the reference velocity. The cause for the
reduction of roughness length is hypothesized as sediment erosion due to
intensifying tidal currents thereby reducing bed roughness. when the mean velocity
is <25-30 cm s super(-1), the correlation between z sub(o) and the reference
velocity is Tess clear. A plausible explanation of scattered values of z sub(o)
under this condition may be sediment deposition. Measured sediment data were
inadequate to support this hypothesis, but the proposed hypothesis warrants further
field investigation.

Cheng, R. T., D. McKinnie, et al. (1998). An overview of San Francisco Bay PORTS.
Proceedings, Ocean Community Conference. Marine Technology Society. p. 1054-1060,
Baltimore, MD.

Cheng, R. T., P. E. Smith, et al. (1993). Recent development in three-dimensional
numerical estuarine models. Proceedings, 1993 National Conf. on Hydraulic
Engineering, ASCE, July 1993 p. 1982-1987, San Francisco, California.

Cheng, R. T. and R. E. Smith (1998). A nowcast model for tides and tidal currents in
San Francisco Bay, California. Proceedings, Ocean Community Conference, Marine
Technology Society. p. 537-543, Baltimore, MD.

Cherry, D. E., W.E. Templin, and T.C. Haltom (1993). Industrial water use in
California. Effluent Use Management, 29th Annal Conference Abstracts, Tucson, AZ,
American water Resources Association.

Cherry, D. E., J.M. Wright, W.E. Templin, and _T.C. Haltom (1993). water use at golf
courses, amusement parks, and ski areas in California. Effluent Use Management,
Tucson, AZ, American Water Resources Association.

Chesney, E. J., Jr. (1989). "Estimating food requirements of striped bass Tarvae,
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Morone saxatilis: effects of 1light, turbidity and turbulence.
Progress Series 53: 191-200.

Laboratory experiments were conducted to study the effects of food
concentration, turbulence and turbidity on growth and survival of striped bass
larvae Morone saxatilis. Initial experiments indicated that striped bass Tarvae
could forage and grow well (G = 0.143 to 0.179 d-1) at food concentrations ranging
from 50 to 250 ind I-1 of the copepod Eurytemora affinis and that growth was similar
on Artemia sp. and E. affinis. Subsequent experiments tested effects of turbidity
(50, 100, 150 ppm kaoTlin), reduced 1light intensity(2000, 1000, 600, 300 lux) and
turbulence, separately, and then reduced Tight intensity (450, 70, 12, 0.4 Tux) in
combination with turbidity (150ppm kaolin) and turbulence to determine how these
variables moderate food requirements of striped bass larvae. Reducing 1light or
adding turbulence reduced growth and forage rates, while adding turbidity in
combination with turbulence apparently ameliorated some of the negative effects of
the turbulence. Although growth studies indicated an energetic cost of turbulence,
additional experiments comparing weight loss and starvation mortality in turbulent
versus non-turbulent conditions showed no significant differences. A comparison of
individual growth variability (G) in the turbidity (150 ppm) reduced Tight
treatments and the treatment in total darkness without turbidity or turbulence
showed that whileaverage growth rates were positive, a portion of the individuals
surviving until 25 d after hatch were either not growing or losing weight. Low Tight
Tevel in combination with turbidity and turbulence substantially reduced survival
and growth rate, but even at very low Tight Tevels (< 1 Tux) and darkness, striped
bass were able to survive and grow. Results indicate that previous studies of
critical food requirements of striped bass larvae may have overestimated necessary
prey levels. Although striped bass larvae are well adapted for growth and survival
in highly turbulent, turbid environments, encountering poor feeding conditions 1in
the field is Tikely to greatly reduce their probability of survival to the juvenile
stage.

Marine Ecology

Choe, K.-Y., G. A. Gill, et al. (2004). "sediment-water exchange of total mercury
and monomethyl mercury in the San Francisco Bay-Delta." Limnology and Oceanography
49(5): 1512-1527.

Five field trips were conducted in the San Francisco Bay-Delta between May
2000 and october 2001 to investigate the sediment-water exchange of total mercury
(Hg) and monomethyl mercury (MMHg). Solid-phase Hg averaged similar to 1 nmol ¢
super(-1) and did not show any variability with depth or time or among sites. In
contrast, solid-phase MMHg showed considerable vertical, temporal, and spatial
variability (0.4-66 pmol g super(-1)), with the highest values occurring at a
peat-rich environment in May 2001, suggesting that MMHg production was largely
controlled by temporal factors and habitat type. In pore water, both Hg and MMHg
concentrations were generally elevated near the sediment-water interface during warm
months. Sediment-water exchange flux of MMHg, determined with benthic chamber
deployments, ranged from -92 to 850 pmol m super(-2) d super(-1), with higher values
occurring in May. In most cases, diffusional fluxes of Hg and MMHg, estimated with
the use of interfacial concentration gradients, constituted only a minor portion of
the measured fluxes, suggesting the importance of advective processes on
sediment-water exchange. Surface-water transect and time series studies conducted 1in
Franks Tract support the commonly held belief that wetland and marsh re%ions are
major sources for MMHg within the Delta. The integrated sediment-water fluxes of Hg
and MMHg in the study area were estimated to be 130 and 6 mmol d super(-1),
respectively, and the benthic input was as important a source of Hg and MMHg as the
riverine input within the Delta during low-flow months.

Choi, K. H., W. Kimmerer, et al. (2005). "Post-exchange zooplankton in ballast water
og ships entering the San Francisco Estuary." Journal of Plankton Research 27(7):
707-714.

The San Francisco Estuary in California (CA), USA, has been heavily altered
by invasions of nonnative zooplankton and benthic organisms, presumably by the
discharge of ships' ballast water. Since 2000, ships entering CA have been required
to exchange ballast water with oceanic water during the voyage to decrease the
number of organisms discharged into the Estuary that had previously been taken
aboard at foreign ports. We examined abundance of zooplankton in ballast water of 18
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container ships and 48 bulk carriers. Asia dominated the sources of ballast water,
which contained multiple nonnative zooplankton including species that have invaded
and since become common residents in the Estuary. The abundance of zooplankton was
significantly lower in ballast water that had been emptied and refilled with oceanic
water than those that had continuously been flushed with oceanic water (about three
times the volume of ballast water), suggesting that empty-refill is more effective
in removing exotic zooplankton.

Choi, K.-H. and wW. J. Kimmerer (2008). "Mate Timitation in an estuarine population
of copepods.” Limnology and Oceanography 43(3): 1656-1664.

we determined the probability of mating as a function of population density
in the estuarine copepod Acartia
hudsonica by combining experimental measurements with a simple model. Pairs of
unmated copepods were
confined in containers of various volumes to simulate variable population density,
and experiments were run for
8, 16, and 24 h. Mating frequencies indicated that males search for females at an
effective search volume rate of
0.34 6 0.15 L h21 or 8.2 6 3.5 L d21 and that males become ready to mate only after
,15 h exposure to the
females. We applied these parameters in a simple population model to determine the
critical density for zero
population growth. with high egg production, zero mortality, and residence time of
60 d, the critical density for
A. hudsonica was 0.01 m23, at the Tow end of the range of observed population
densities. Critical densities for less
favorable conditions were well within the range of observed population densities,
even allowing for the effects of
aggregation. Thus, mate limitation in sexually reproducing organisms, or Allee
effects, can cause negative density
dependence in growth rate of these populations at low but realistic population
densities. we applied these results
to the introduction of exotic zooplankton via ships’ ballast water under various
scenarios of initial dilution in
harbors and subsequent conditions for reproduction and survival. Inocula resulting
from the discharge of
postexchange ballast water were often high enough to establish new resident
populations.

Choi, K.-H. and w. J. Kimmerer (2009). "Mating success and its consequences for
population growth of an estuarine copepod." Marine Ecology Progress Series 377:
183-191.

Chotkowski, M. and B. Manly (2006). "Two new methods for Regime Change Analyses."
Archiv fur Hydrobiologie 167(1-4): 593-607.

There is currently a good deal of concern about a recently recognized
decline in the numbers of several pelagic fish species in the Sacramento-San Joaquin
Delta in california, USA. Several research groups are investigating possible reasons
for this decline. One part of this study addresses whether the decline is the result
of some recent regime change in the ecosystem, and more generally whether one or
more regime changes have occurred since regular sampling of fish, zooplankton and
mysids shrimps began in 1967. There are mang statistical methods of analysis that
have been proposed to detect regime changes. These are reviewed, but it is noted
that none of them is immediately suitable for analysing the basic data collected
from the Sacramento-San Joaquin Delta, which consists of counts from trawl hauls and
other sampling gears used in the field. Two new methods are therefore proposed for
this type of data, which is commonly collected. One method searches for timen when
the mean level and trend in the abundance of an organism changed, assuming that 1in
the absente of a regime change the abundances will exhibit a Tinear trend with time.
The other method assumes that in the absente of a regime change the abundances will
exhibit a polynomial trend in time, and searches for timen when the mean level
changed significantly. Both methods rely on bootstrap resampling of the data for
assessing the significance of apparent regime changes. Simulation studies to verify
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the properties of the proposed analyses are described, and also some examples of the
results of the analyses on the Sacramento-San Joaquin data.

Chow, A. T., R. A. Dahlgren, et al. (2007). "watershed sources of disinfection
byproduct precursors in the Sacramento and San Joaquin rivers, cCalifornia."
Environmental Science & Technology 41(22): 7645-7652.

High Tevels of dissolved organic carbon (DOC) and bromide (Br) 1in the
Sacramento and San Joaquin River waterways are of concern because DOC and Br are
organic and inorganic precursors, respectively, of carcinogenic and mutagenic
disinfection byproducts (DBPs). The Sacramento and San Joaquin Rivers are the two
major rivers supplying water to the San Francisco Bay Delta, but sources and loads
of DBP precursors into the Delta are still uncertain. The major objectives of this
study were to evaluate both the quantity (DOC and Br fluxes) and the quality
(reactivity in forming DBPs) of DBP precursors from the Sacramento and San Joaquin
watersheds. water samples were collected every 2 weeks at up to 35 locations along
the Sacramento and San Joaquin Rivers and selected tributaries and analyzed for DOC
(4 years), Br (I year), and ultraviolet absorbance at 254 nm (1 year). Selected
water samples were also tested for THM formation potential. Estimated fluxes for the
Sacramento River were 39 000 +/- 12 000 Mg DOC year(-1) and 59 Mg of Br year(-1) as
compared to 9000 +/- 5000 Mg of DOC year(-1) and 1302 Mg of Br year-1 for the San
Joaquin River. The THM formation potential was higher in the San Joaquin River (441
+/- 49 mu g L-1) than the Sacramento River (176 +/- 20 mu g L-1) because of higher
concentrations of both organic (boC = 3.62 +/- 0.14 vs 1.92 +/- 0.09 mg L-1) and
inorganic DBP (Br = 0.80 +/- 0.07 vs <0.03 +/- 0.01 mg L-1) precursors. The
Sacramento River's greater DOC load despite lower DOC concentrations is due to 1its
discharge being about 5 times greater than the San Joaquin River (50 x 10(9) vs 10 x
10(9) L day(-1)). The DOC concentration was significantly correlated with several
land-cover types, including agriculture; however, no relationship was found between
DOC quality and land-cover at the watershed scale.

Christen, J. (2010). Trend analysis of organic carbon concentrations in the
Sacramento-San Joaquin Delta. 6th Biennial Bay-Delta Science Conference. Poster
paper presented at the Sacramento Convention Center, Sacramento, California.

This study was a test for and description of interannual trends in the data
collected by the Department of water Resources for organic carbon concentrations of
the major source waters of the Sacramento-San Joaquin Delta and in the Delta waters
at the head of the State water Project. Organic carbon concentrations in the Delta
are of interest as a measure of available organic matter in the aquatic food web, as
a precursor to regulated disinfection byproducts of the drinking water treatment
process, and as a regulated parameter in the drinking water treatment process. The
locations examined were the Sacramento River at Hood, the San Joaquin River near
vernalis, and the Banks Pumping Plant in the south Delta. The organic carbon data
sets were tested for trend using the non-parametric seasonal Kendall method. The
total period of record as well as a subset of the most recent ten water years was
examined. Trends in flow were examined as a possible explanatory variable for trends
in riverine organic carbon concentrations. oOur results indicate that changes 1in
flow are a driver of interannual median dissolved organic carbon (DOC)
concentrations in the Sacramento and San Joaquin Rivers and that the interannual
relationship between flow and DOC is lagged by one or more years. The finding of a
lag in the relationship between flow and a water quality constituent in the Delta
waters may serve as an aid to interpretations of other water quality variables or
Delta processes.

Cifuentes, L. A., L.E. Schemel, and J.H. Sharp (1990). "Qualitative and numerical
analyses of the effects of river inflow variations on mixing diagrams in estuaries."
Estuarine, Coastal and Shelf Science 30(4): 411-427.

The effects of river inflow variations on alkalinity/salinity distributions
in San Francisco Bay and nitrate/salinity distributions in Delaware Bay are
described. oOne-dimensional, advective-dispersion equations for salinity and the
dissolved constituents are solved numerically and are used to simulate mixing in the
estuaries. These simulations account for time-varying river inflow, variations 1in
estuarine cross-sectional area, and longitudinally varying dispersion coefficients.
The model simulates field observations better than models that use constant
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hydrodynamic coefficients and uniform estuarine geometry. Furthermore, field
observations and model simulations are consistent with theoretical ‘predictions’
that the curvature of propery-salinity distributions depends on the relation between
the estuarine residence time and the period of river concentration variation.

Clark, S. L., S. 3. Teh, et al. (2000). "Tissue and cellular alterations in Asian
clam (Potamocorbula amurensis) from San Francisco Bay: toxicological indicators of
exposure and effect?" Marine Environmental Research 50: 301-305.

The US Geological survey has reported the presence of a metal contamination
gradient in clam tissues, decreased condition indices, and irregular reproductive
patterns have been reported in the Asian clam, Potamocorbula amurensis, from San
Francisco Bay. If metals are driving the observed patterns in the field, then
biomarkers of exposure, and possibly deleterious effect, should show a corresponding
gradient. In this study, biomarkers from sub-cellular to tissue levels of biological
organization were assessed in P. amurensis collected from the Bay or exposed to
cadmium in the Taboratory. Cellular and tissue alterations were assessed using
histopathology and enzyme histochemistry (EH). Alterations in the ovary, testis,
kidney, and gill tissues were most common at the most contaminated station when data
were averaged over a 12-month sampling period. EH analysis indicated decreased
active transport, energy status, and glucose oxidation in kidney and digestive gland
at the most contaminated site which may indicate a decreased potential for growth.
ovarian lesions observed in feral Asian clams were experimentally induced in healthy
clams by cadmium exposure in Taboratory exposures. Our results suggest a contaminant
etiology for tissue alterations.

Cleave, A., and K.E. Boyer (2010). Effects of invasive Limonium ramosissimum on
native salt marsh communities in a changing environment. 6th Biennial Bay-Delta
Science Conference. Poster paper presented at the Sacramento Convention Center,
Sacramento, California.

Limonium ramosissimum, Algerian sea lavender, is an established invader in
southern California marshes that is forming monotypic stands in the middle to high
elevations of a number of marshes in the San Francisco Bay Estuary. L.
ramosissimum’s high salinity tolerance, reproductive rate, and dispersal suggest
potential for spread in the Estuary, and understanding of its interactions with
native species and effects on ecosystem function is needed. In this project, we are
assessing how invasion by L. ramosissimum affects abundance and function of the
native amphipod, Traskorchestia traskiana, and how anthropogenic changes may further
affect these interactions. At two salt marshes in South San Francisco Bay we
established plots of L. ramosissimum, and a native plant, Jaumea carnosa, at two
elevations (levels of inundation) as a proxy for sea Tlevel rise. To simulate
anthropogenic nutrient enrichment, we added nitrogen (N) fertilizer every two weeks
during the growing season. Early results indicate that at both marshes, Coyote Point
Marina and Sanchez marsh, there was an increase in canopy height in correlation with
nutrient addition, but L. ramosissimum canopies were still significantly shorter
than J. carnosa. Field observations indicated that the native amphipod habitat
preference is for L. ramosissimum. Additional study with stable isotope tracers,
evaluation of native amphipod and other insect species use, and decomposition rates
will help to further establish ecosystem changes occurring as result of the
invasion. This will also help us assess any further anthropogenic induced
modifications on ecosystem changes.

Clemento, A., J.C. Garza, and E. Anderson (2010). An integrated genetic stock
identification and parentage-based tagging program for Chinook salmon using SNPs.
6th Biennial Bay-Delta Science Conference. Workshop presentation at the Sacramento
Convention Center, Sacramento, California.

Populations of West Coast Chinook salmon (Oncorhynchus tshawytscha) have
been on the decline over the last decade. Of particular concern is the recent crash
of Central valley (primarily Sacramento River) fall-run Chinook, the main
contributor to the commercial and recreational fisheries of California and Oregon.
As the situation has become more dire, management agencies are under increasing
pressure to tightly monitor and critically evaluate actions meant to preserve the
species. This includes not just monitoring and regulating ocean fisheries, but also
evaluating the effectiveness of current hatchery practices, the relative fitness of
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hatchery produced fish, and the impacts of hatchery fish on wild populations. The
aging coded wire tag (CwT) program has been informative towards these goals, however
it is expensive and current efforts to mass mark all hatchery fish will further
impede the program's effectiveness. 1In an ideal management world, we would Tike to
pick up a salmon - as a juvenile migrating seaward, in ocean fisheries, or during
spawning at hatcheries or instream - and ask the question, "where did you come
from?" The integrated Genetic Stock Identification (GSI) and Parentage-based Tagging
(PBT) program described here provides two distinct ways to answer this question by
simply collecting a fin clip (non-lethally) and genotyping the individual with a
single panel of 96 single nucleotide polymorphism (SNP) markers. GSI provides the
origin of an individual by comparing its genotype to baseline samples collected from
the primary drainages and rivers to which the fish can be assigned. Alternatively, a
PBT program depends on the collection of genotype information from a parental
generation, either the broodstock at a hatchery or even wild spawners at a weir.
This data is entered into a parent database. wWhen offspring are subsequently
sampled, genotyping is followed by high-confidence parentage assignment wherein the
inherited genetic tags are used to locate the parents in the database, thereby
identifying the stock and cohort of origin. A PBT program also provides some
collateral benefits: reconstruction of large pedigrees, mapping of genes for
phenotypic traits, precise estimates of variance in family size, and the ability to
evaluate different hatchery practices. This talk will focus on the following: 1.
SNP discovery at the NOAA SWFSC Santa Cruz Lab 2. marker selection and panel
construction 3. status of the GSI SNP baseline for west Coast Chinook salmon 4.
GSI results from mixed ocean fisheries: past and present 5. status of broodstock
sampling for PBT at California salmon hatcheries 6. results from an applied PBT
program at the Feather River Hatchery for spring-run Chinook.

Cloern, 3. and A. Alpine (1991). "Potamocorbula amurensis , a recently introduced
Asian clam, has had dramatic effects on the phytoplankton biomass and production in
northern San Francisco Bay." Journal of Shellfish Research 10(1): 258-259.
Potamocorbula amurensis , a benthic suspension feeding bivalve, accidently
introduced in San Francisco Bay in 1986, spread rapidly throughout the estuary with
dramatic ecological consequences. Field and Taboratory evidence suggest that this
species 1is capable of consuming most of the phytoplankton produced in northern San
Francisco Bay. To further define the effects of this invasion a study was initiated
in 1988 to examine rates of primary productivity and related parameters to compare
with pre-invasion levels. Daily rates of primary productivity were much lower 1in
1988 compared to rates measured in 1980. These lowered daily productivities led to a
dramatic decline in annual production - 1988 production was only 20 g C/m super(2)
compared with average annual production of 110 g C/m super(2) during pre-invasion
years. It is believed this decline in production is a consequence of the consumption
of phytoplankton by P. amurensis). Preliminary measurements of P. amurensis feeding
rates and densities in the field are sufficient to account for the reduction 1in
phytoplankton biomass in northern San Francisco Bay during the past 4 years.

Cloern, J., A. Alpine, et al. (1983). "River discharge controls phytoplankton
dynamics in the northern San Francisco Bay estuary." Estuarine, Coastal, and Shelf
Science 16: 415-429.

Phytoplankton dynamics in the upper reach of the northern San Francisco Bay
estuary are usually characterized by Tow biomass dominated by microflagellates or
freshwater diatoms in winter, and high biomass dominated by neritic diatoms in
summer. During two successive years of very low river discharge (the drought of
1976-77), the summer diatom bloom was absent. When river discharge falls within a
critical range (100-50 m super(3) s super(l-)) that positions the suspended
particulate maximum adjacent to the productive shallow bays, the population of
neritic diatoms increases. However, during periods of high discharge (winter) or
during periods of very low discharge (drought), the suspended particulate maximum is
less well-defined and 1is uncoupled (positioned downstream or upstream) from the
shallow bays of the upper estuary, and the population of neritic diatoms declines.
Hence, the biomass and community composition of phytoplankton in this estuary are
controlled by river discharge.

Cloern, 3. E. (1979). phytoplankton ecology of the San Francisco Bay system: The
Page 94



130705 IEP BibTiography.txt

status of our current understanding. San Francisco Bay: The urbanized estuary. T.
J. Conomos. San Francisco, CA, American Association for the Advancement of Science,
Pacific Division: 164-267 or 247-26477

Although past studies of phytoplankton dynamics in the San Francisco Bay
system are Timited in number and scope, they have provided sufficient information to
define gross spatial and temporal patterns. Annual changes in the density and
composition of phytoplankton populations differ among major geographic areas within
the system, and recent studies suggest that phytoplankton dynamics in each major
portion of San Francisco Bay are governed by a unique set of environmental factors.
The annual maximum abundance of phytoplankton in central San Francisco Bay during
spring may be a direct consequence of diatom blooms that occur in coastal waters
during the upwelling season. The spring maximum of phytoplankton abundance in South
Bay may also result from the dispersion of neritic diatoms from offshore during some
years, although the 1978 spring maximum resulted from rapid in situ growth of
microflagellate populations. Apparently, stratification of the South Bay water
column (initiated by movement of Delta-derived Tow-density water from the northern
reach) creates a shallow surface layer where flagellates are given sufficient solar
irradiation to maintain rapid growth rates. Phytoplankton populations in the
northern reach of San Francisco Bay apparently are most strongly regulated by the
physical accumulation of suspended particulates by gravitational circulation, the
rapid growth of planktonic algae over shoals, and phytoplankton dynamics in coastal
waters and/or tributaries. Because few research efforts have been implemented to
define environmental factors that regulate phytoplankton dynamics, basic unanswered
(or unasked) questions remain. There is need (1) to define those functional groups
of planktonic algae responsible for fixing inorganic carbon and energy, and then to
follow pathways of energy and material transfer from the phytoplankton to other
trophic levels, (2) to define the relationships between the physics of water
movement and phytoplankton dynamics, and (3) to identify those
physical-chemical-biological factors most responsible for regulating phytoplankton
population size and composition, and then to quantify the response of algal
population growth to changes in these important environmental factors

Cloern, J. E., and R.T. Cheng (1981). "Simulation model of Skeletonema costatum
population dynamics in Northern San Francisco Bay, California." Estuarine, Coastal
and shelf science 12(1): 83-100.

A pseudo-two-dimensional model is developed to simulate population dynamics
of one dominant phytoplankton species (Skeletonema costatum) in northern San
Francisco Bay. The model is formulated around a conceptualization of this estuary as
two distinct but coupled subsystems—a deep (10-20 m) central channel and Tateral
areas with shallow (<2 m) water and slow circulation. Algal growth rates are
governed by solar irradiation, temperature and salinity, while population Tosses are
assumed to result from grazing bycalanoid copepods. Consequences of estuarine
gravitational circulation are approximated simply by reducing convective-dispersive
transport in that section of the channel (null zone) where residual bottom currents
are near zero, and lateral mixing is treated as a bulkexchange process between the
channel and the shoals. Model output is consistent with the hypothesis that, because
planktonic algae are light-limited, shallow areas are the sites of active population
growth. Seasonal variation in the Tlocation of the null zone (a response to variable
river discharge) is responsible for maintaining the spring bloom of neritic diatoms
in the seaward reaches of the estuary (San Pablo Bay) and the summer bloom upstream
(Suisun Bay). Model output suggests that these spring and summer blooms result from
the same general process—establishment of populations over the shoals, where growth
rates are rapid, coupled with reduced particulate transport due to estuarine
gravitational circulation. It also suggests, however, that the relative importance
of physical and biological processes to phytoplankton dynamics is different in San
Pablo and Suisun Bays. Finally, the model has helped us determine those processes
having sufficient importance to merit further refinement in the next generation of
models, and it has given new direction to field studies.

Cloern, J. E. (1982). "Does the benthos control phytoplankton biomass in south San
Francisco Bay?" Marine Ecology Progress Series 9: 191-202. ]
South San Francisco Bay, USA, is a shallow coastal embayment that receives
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large inputs of nutrients (N, P, Si) and small local inputs of freshwater.
Phytoplankton dynamics are typically characterized by a spring bloom when surface
chlorophyll a increases from < 5 to > 40 mg m-3. The bloom persists for 2 to 4 wk,
and then dissipates. Phytoplankton biomass remains low (chlorophyll a < 5 mg m-3)
from May through December, although Tight and nutrient availability are sufficient
to sustain growth rates of 1 to 1.5 divisions d-' in the expansive shallows.
Transport processes apparently exert a small influence on phytoplankton biomass, and
calculated zooplankton grazing accounts for only a small reduction in net rate of
phytoplankton population growth in the shallows. However, suspension-feeding
bivalves are sufficiently abundant to filter a volume equivalent to the volume of
South Bay at Teast once daily. These observations suggest that grazing by benthos is
the primary mechanism controlling phytoplankton biomass during summer and fall.

Cloern, 3. E., A. Alpine, B. Cole, R. Wong, J. Arthur, and M. Ball (1983). "River
discharge controls phytoplankton dynamics in the northern San Francisco Bay
Estuary." Estuarine, Coastal and Shelf Science 16(4): 415-429.

Phytoplankton dynamics in the upper reach of the northern San Francisco Bay
estuary are usually characterized by Tow biomass dominated by microflagellates or
freshwater diatoms in winter, and high biomass dominated by neritic diatoms in
summer. During two successive years of very low river discharge (the drought of
1976-77), the summer diatom bloom was absent. This 1is consistent with the hypothesis
that formation of the diatom population maximum is a consequence of the same
physical mechanisms that create local maxima of suspended sediments in
partially-mixed estuaries: density-selective retention of particles within an
estuarine circulation cell. Because the estuary is turbid, calculated phytoplankton
growth rates are small in the central deep channel but are relatively large 1in
lateral shallow embayments where 1light limination is Tless severe. When river
discharge falls within a critical range (100-350 m3 s-1) that positions the
suspended particulate maximum adjacent to the productive shallow bays, the
population of neritic diatoms increases. However, during periods of high discharge
(winter) or during periods of very low discharge (drought), the suspended
particulate maximum is Tess well-defined and is uncoupled (positioned downstream or
upstream) from the shallow bays of the upper estuary, and the population of neritic
diatoms declines. Hence, the biomass and community composition of phytoplankton 1in
this estuary are controlled by river discharge.

Cloern, 3. E. (1984). "Temporal dynamics and ecological significance of salinity
sgratification in an estuary (South San Francisco Bay, USA)." Oceanologica Acta 7:
137-141.

South San Francisco Bay (USA) has periodic variations in salinity
stratification that coincide with neap-spring tidal variations during the winter
"wet" season, but it remains well-mixed during summer and fall. The degree of
salinity stratification, and timing of stratification events, can be predicted from
a simple empirical function of river discharge and tidal current speed. During
periods of prolonged salinity stratification, phytoplankton biomass and primary
productivity are high, photoplankton patchiness increases, turbidity and nutrient
(N) concentrations decline in the surface layer, and residual currents accelerate.

Cloern, J. E., B.E. Cole, R.L.J. Wong, and A.A. Alpine (1985). "Temporal dynamics of
esguargne phytoplankton: a case study of San Francisco Bay." Hydrobiologia 129:
153-176.

Detailed surveys throughout San Francisco Bay over an annual cycle (1980)
show that seasonal variations of phytoplankton biomass, community composition, and
productivity can differ markedly among estuarine habitat types. For example, in the
river-dominated northern reach (Suisun Bay) phytoplankton seasonality is
characterized by a prolonged summer bloom of netplanktonic diatoms that results from
the accumulation of suspended particulates at the convergence of nontidal currents
(i.e. where residence time is long). Here turbidity is persistently high such that
phytoplankton growth and productivity are severely limited by Tight availability,
the phytoplankton population turns over slowly, and biological processes appear to
be less important mechanisms of temporal change than physical processes associated
with freshwater inflow and turbulent mixing. The South Bay, in contrast, 1is a
lagoon-type estuary less directly coupled to the influence of river discharge.
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Residence time is long (months) 1in this estuary, turbidity is Tower and estimated
rates of population growth are high (up to 1-2 doublings d-1), but the rapid
production of phytoplankton biomass is presumably balanced by grazing losses to
benthic herbivores. Exceptions occur for brief intervals (days to weeks) during
spring when the water column stratifies so that algae retained in the surface layer
are uncoupled from benthic grazing, and phytoplankton blooms develop. The degree of
stratification varies over the neap-spring tidal cycle, so the South Bay represents
an estuary where (1) biological processes (growth, grazing) and a physical process
(vertical mixing) interact to cause temporal variability of phytoplankton biomass,
and (2) temporal variability is highly dynamic because of the short-term variability
of tides. Other mechanisms of temporal variability in estuarine phytoplankton
include: zooplankton grazing, exchanges of microalgae between the sediment and water
column, and horizontal dispersion which transports phytoplankton from regions of
high productivity (shallows) to regions of low productivity (deep channels).
Multi-year records of phytoplankton biomass show that large deviations from the
typical annual cycles observed in 1980 can occur, and that interannual variability
is driven by variability of annual precipitation and river discharge. Here, too, the
nature of this variability differs among estuary types. Blooms occur only in the
northern reach when river discharge falls within a narrow range, and the summer
biomass increase was absent during years of extreme drought (1977) or years of
exceptionally high discharge (1982). In south Bay, however, there is a direct
relationship between phytoplankton biomass and river d1scharge. As discharge
increases so does the buoyancy input required for density stratification, and wet
years are characterized by persistent and intense spring blooms.

Cloern, J. E. (1987). "Turbidity as a control on phytoplankton biomass and
product1v1ty in estuaries." Est. Con. Shelf. Res. 7: 1367-1381.

In many coastal plain estuaries light attenuation by suspended sediments
confines the photic zone to a small fraction of the water column, such that Tight
Timitation is a major control on phytoplankon production and turnover rate. For a
variety of estuarine systems (e.g. San Francisco Bay, Puget Sound, Delaware Bay,
Hudson River plume), photic-zone productivity can be estimated as a function of
phytoplankton biomass times mean irradiance of the photic zone. Net water column
productivity also varies with light availability, and in San Francisco Bay net
productivity is zero (estimated respiratory loss of phytoplankton balances
photosynthesis) when the ratio of photic depth (Zp) to mixed depth (zm) 1is less than
about 0.2. Thus whenever zp: zm < 0.2, the water column is a sink for phytoplankton
production. Much of the spatial and temporal variability of phytoplankton biomass or
productivity in estuaries is explained by variations in the ratio of photic depth to
mixed depth. For example, phytoplankton blooms often coincide with stratification
events that reduce the depth of the surface mixed Tayer (increase ZzZp: zm). Shallow
estuarine embayments Chigh zp: zm) are often characterized by high phytoplankton
biomass relative to adjacent channels (low zp: zZm). Many estuaries have longitudinal
gradients in productivity that mirror the distribution of suspended sediments:
productivity is Tow near the riverine source of sediments (low zp: zm) and increases
toward the estuary mouth where turbidity decreases. Some of these generalizations
are qualitative in nature, and detailed understanding of the interaction between
turbidity and estuarine phytoplankton dynamics requires improved understanding of
vertical mixing rates and phytoplankton respiration.

Cloern, J. E. (1991). Annual variations in river flow and primary production in the
South San Francisco Bay estuary (USA). Estuaries and coasts: spatial and temporal
;gtggcomparisons. M. Elliott and J.-P. Ducrotoy. Fredensborg, Olsen and Olsen:
Phytoplankton biomass and productivity in South San Francisco Bay are low
except for periods of rapid increase that can occur in spring. The spring bloom is
typically associated with density stratification of the water column that 1is induced
by river flow. In the past decade of climatic and hydrologic extremes, the magnitude
of the annual spring bloom (mean biomass and estimated primary production) was
strongly correlated with the magnitude of river flow during the wet season. This
investigation demonstrates one mechanism, of many, through which climatic and
hydrologic variability can lead to variability of biological processes in estuaries.
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Cloern, J. E. (1991). "Tidal stirring and phytoplankton bloom dynamics in an
estuary." Journal of Marine Research 49(1): 203-221.

A decade of observation in South San Francisco Bay demonstrates that
estuarine phytoplankton biomass fluctuates at the time scale of days to weeks, and
that much of this variability is associated with fluctuations in tidal energy.
During the spring seasons of every year from 1980-1990, episodic blooms occurred in
which phytoplankton biomass rose from a baseline of 2-4 mg chlorophyll a m-3, peaked
at 20-40 mg chlorophyll a m-3, and then returned to baseline values, all within
several weeks. Each episode of biomass increase occurred during neap tides, and each
bloom decline coincided with spring tides. This suggests that daily variations in
the rate of vertical mixing by tidal stirring might control phytoplankton bTloom
dynamics in some estuaries. Simulation experiments with a numerical model of
phytoplankton population dynamics support this hypothesis. The model incorporates
biological processes (light-dependent growth, zooplankton grazing, benthic grazing)
and physical processes (sinking, vertical mixing) as controls on the biomass
distribution of phytoplankton in a 10-m water column. Numerical simulations indicate
that phytoplankton dynamics are highly sensitive to the rate of vertical mixing
(parameterized as an eddy diffusivity Kz), such that biomass increases rapidly at
small Kz (5 m2 d-1), but not at Targe Kz (50 m2 d-1). Cyclic variation of Kz between
5 and 50 over a 14-d period (simulated neap-spring cycle) yields simulation results
that are similar to bloom events observed